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INFLUENCE OF SOME SOIL AND CULTURAL PRACTICES ON THE 
SUCROSE CONTENT OF SUGAR BEETS1 
G. c. KENT, c. M. NAGEL, AND I.E. MELHUS 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Received February 26, 1942 
The acre yield of sucrose from sugar beets grown in Iowa was found 
to vary widely with the farm and the season. The sucrose yield may vary 
from 600 to more than 5,000 pounds per acre. Large portions of this varia-
tion in yield may be attributed to soil and weather conditions, cropping 
practices, and destructiveness of crop diseases and insects. Nagel and 
Leonard (9) have shown the sugar variation incident to Cercospora leaf 
spot injury. It 'seemed desirable to determine what environmental factors 
were primarily concerned and how these factors might be controlled or 
their effect circumvented or nullified. 
The present communication reports the results of investigations into 
the effect of such factors as time of planting, type of soil, time of harvest, 
and rainfall during the harvest period. 
METHODS 
The beet samples used in these investigations were obtained from 
commercial fields in most cases. In 1937 and 1939 all samples were ob-
tained from growers' fields or experimental fields designed for large scale 
yield tests. The 1940 samples were taken from a large varietal yield test 
field. In 1938 plots of 1/ 6 acre were set up in commercial fields. These 
plots, however, were located, planted, cultivated, and harvested with the 
purpose of obtaining the data reported. 
In all cases the beet samples consisted of 15 competitive beets (2) 
obtained at random within as small an area as possible. Three such 
samples were taken at random from each 1/ 6- to 1/ 2-acre plot or test field 
area. The soil samples for moisture determination, 1 to 3 per beet sample, 
were collected from soil adjacent to beets used in the sample. The soil 
from the 1- to 3-inch level was used in all samples. 
After digging by hand the beets were placed in beet sacks, taken to 
the laboratory, sampled by means of a standard rotary beet rasp, and the 
composite pulp samples tested for percentage of sugar according to the 
method published in the Association of Official Agricultural Chemists 
Handbook (1). Samples of this pulp also were used for moisture deter-
mination. After weighing, the pulp was dried for 48 hours at 95°C. and 
reweighed. Soil moisture was similarly determined. 
The weather records were obtained from the official United States 
Department of Agriculture weather reports for the area around Kanawha, 
Iowa. 
1 Journal Paper No. J-983 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 449. 
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VARIATION IN COMMERCIAL FIELDS 
The 1937 tests were conducted on commercial beets obtained from 3 
to 5 different growers3 at each of 5 loading stations in the northern Iowa 
sugar beet district: Belmond, Britt, Clarion, Hutchins, and Kanawha. 
At each sampling date, three samples of 15 representative beets were 
obtained from loads from each grower and the percentage of sugar in the 
pulp determined. The yield in tons per acre, the contract pay basis per 
ton and the actual payment on a per acre basis were obtained for as 
many of the 21 growers as possible.4 On the basis of the data in Table 1, 
it was obvious that considerable variation existed in the growers' fields 
in the yield of suerose produced ,per acre. The variation in sucrose pro-
duced on an acre basis varied from 2,023 pounds to 4,417 pounds. The 
highest yield of sucrose per acre resulted from a field yielding the great-
est tonnage and the highest percentage sucrose. The lowest tonnage 
yield and the lowest percentage sugar did not occur in beets from the 
same field. There seemed to be no relation between tonnage of beets and 
percentage of sucrose in the beets. 
The growers' contracts call for payment on the basis of sucrose in 
the tonnage grown, figured on the basis of the average percentage sucrose 
for the beets grown in the district. It was desirable, therefore, to deter-
mine the action of various factors that tend to produce large tonnage of 
beets with as high a sucrose content as possible. The system of payment 
placed a premium on a large tonnage of beets regardless of sucrose con-
tent. It would further increase the payments to the grower, however, 
and lower the cost per beet of processing if the time of harvest could be 
fixed at the time of highest sucrose content per beet. 
VARIATION CAUSED BY DATE OF PLANTING 
The time of planting sugar beets was known to influence the sucrose 
yields, but little was known of the range of the variation. Nuckols (6) 
suggested that since beets require a long growing period, they should be 
planted early. Knight (4) reported results from 9 planting dates. He 
found that the yield obtained from the plots planted on the earliest date 
(April 23) was the greatest. Later dates of planting resulted in lower 
yields. 
The date of planting was known for only 13 of the 21 fields sampled 
in 1937 (Table 1). Of these, 5 were planted during the first half of May, 
3 during the last half of May, and 5 on June 1 or later. In 1938 the plots 
were planted at definite times. Data were obtained from 10 fields planted 
April 29, 11 fields planted on May 12, and 12 fields planted on May 29. 
The average percentage sucrose, the yield of beets in tons per acre, and 
the calculated pounds of sucrose per acre are reported in Table 2. 
It may be noted that in 1937 the early plantings had a slightly higher 
• The authors wish to acknowledge the valuable assistance of Mr. Wallace C. Darrah 
of the American Crystal Sugar Company in choosing representative growers. 
' The authors are grateful to the American Crystal Sugar Company for supplying 
and allowing the use of various of these data. 
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TABLE 1 
AVERAGE SUGAR PERCENTAGE, YIELD OF SUGAR BEETS PER ACRE AND POUNDS OF SUCROSE 
PER ACRE, PRODUCED BY INDIVIDUAL GROWERS, 1937 
SUCROSE 
GROWER LOADING PLANTING PERCENTAGE YIELD LB./ A 
STATION DATE SucROSE AvE. T / A (Approx.) 
A ...... . .... Belmond * 14.98 9 . 39 2,813 
B ........... " May 14 15.00 10.76 3,228 
c .. .... . .... " June 18 13 .36 7 .57 2,023 
D .. ........ Britt May 10 15 . 39 9.20 2,832 
E ........... " * 14.37 10.88 3'127 
F ..... . ..... " * 15.05 10.86 3,270 
G .......... " May 4 16 .48 13. 40 4,417 
H ......... . " * 15 . 21 13 . 31 4,049 
I. ..... . .... Clarion * 14.06 9 .28 2,567 
J ........... " June 1 15.06 12 .46 3,753 
K .......... " * 14 .26 11.84 3,377 
L ... . ....... " May 20 14 .24 13.12 3,736 
M ... . ... . .. " May 30 14 .80 10.06 2,978 
N . ......... Hutchins * 12 .84 9 . 31 2,391 
0 . ......... " June 4 14.45 10.33 2,985 
P ... . .. . .... " May 1 14.26 11. 41 3,254 
Q .. .. . . .... Kanawha June 1 14.95 8 .83 2,640 
R .. .. .. . . .. " June 1 16 .26 11.19 3,639 
S .......... . " * 11.85 9.84 2,332 
T .......... . " May 18 15.08 8.04 2,425 
u . .. . ...... " May 6 15 .65 11 .84 3,706 
*Planting date not known. 
percentage of sucrose as well as a larger yield of beets, resulting in more 
sucrose per acre. This would tend to indicate a definite advantage to early 
planting. It should be pointed out, however, that the two fields having the 
lowest percentage sucrose, as observed from the averages in Table 1, were 
among the fields of unknown planting dates. Therefore, some doubt might 
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TABLE 2 
THE AVE R AGE P E RCENTAGE S UCR OSE AND Y IELD PER A CRE FRO M S UGAR B EET S PLANTE D AT 
DIFFERENT D ATES 
DATE OF P L ANTING 
May 14 or before . . . ... . 
M ay 18- 30 ............. 
After June 1 .. . ......... 
All plots- . .. ... . . . .... 
) 
April 29 .... . .......... 
May 12 ................ 
May 29 ... . .. .. . ....... 
All plots ....... .. ...... 
No. OF 
PLOTS 
5 
3 
5 
21 
10 
11 
12 
33 
P E RCENT AGE 
S ucR OSE AvE. 
1937 
15. 36 
14. 71 
14 . 81 
14. 65 
1938 
12 .3 
12 .3 
12 .8 
12.4 
AvE . YIELD P ER A CR E 
Tons Beets I Lbs. Sucrose 
11 .32 3,487 
10. 41 3,046 
10 .07 3,008 
10 .61 3, 121 
14.35 3,630 
13 .81 3,397 
10.58 2 ,708 
12 .80 3, 182 
be thrown on the validity of the data. On the other hand, it might merely 
indicate that records of planting dates indicate generally superior farming 
practices. 
In 1938 a severe epiphytotic of Cercospora leaf spot, which occurred 
approximately a month later than usual, not only markedly lowered the 
general average of percentage sucrose in the beets (see Nagel (8)) but 
also obscured any difference in sucrose content between the two early 
plantings. The epiphytotic was severe and late enough that at the time 
the beets were harvested 60 per cent or over of the set of leaves then on 
the plants were infected to such an extent as to be recorded as non-func-
tional (8) . The average percentage sucrose in the fields under observa-
tion was about 12.4 with no field averaging above 14.5. The previous year 
similar fields had an average of 15.0 to 16.3 per cent sucrose. 
The leaf spot epiphytotic may or may not have been responsible for 
the higher sucrose percentage at the late planting date, since the younger 
beets suffered less defoliation than earlier planted beets and would be 
expected to show a correspondingly smaller decrease in the sucrose per-
centage. It should be noted, however, that although the leaf spot epiphyto-
tic seemed to have a marked effect on the sucrose percentage, it had no 
such effect on the yield of the early planted beets, which, therefore, 
contained on an acreage basis more actual sucrose than those planted 
later. It would appear that although late planted beets did not suffer 
as marked a reduction in sucrose percentage, the development of the 
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root was definitely inhibited as indicated by the tonnage yield. Thus, 
in spite of the deleterious effect of a late epiphytotic of Cercospora leaf 
spot, the value of early planting is nevertheless evident. This effect is 
clearer in the more detailed results reported in Table 3. 
In 1939 two fields with early and late plantings were sampled. The 
difference in percentage sucrose between early and late planting was not 
great in either field. The difference was, however, just reversed in the 
two cases. Since no yield data were available, further analysis was not 
possible. 
VARIATION CAUSED BY SOIL TYPE 
The information available concerning the value of different soils for 
growing sugar beets is rather conflicting. Lill (5), Roeding (10) , Saylor 
· (13) , Urban (15), and Wiley (17, 18) found that the nature of the soil, 
mineral or organic, was not important in determining the sucrose content 
of the beet so long as the soil was deep, nearly neutral in reaction, friable, 
not too heavy, and well drained. Wiley (18) noted, however, that an excess 
of soil nutrients produced vegetative overgrowth and a consequent reduc-
tion of sugar content, whereas, insufficient soil nutrients tended to limit 
vegetative growth and to increase the sugar content of the root. Saylor 
(13) pointed out that the stiff clays or heavy swamp mucks did not pro-
duce sugar beets of good quality. Dowling (3) reported a sucrose con-
tent of 18 to 20 per cent on light sandy loams and 13 to 14 per cent on 
peaty soils. The latter was said not to be always true, for some alluvial 
fen soils yielded heavy crops with a high sucrose content. . 
The 1937 data were obtained from samples taken at the loading sta-
tions, and only few data were procured on the nature of the soils in which 
the beets. had been grown. From these few data, however, it became 
apparent that beets from muck soils were definitely inferior in percentage 
of sucrose. This fact had been reported in the literature by Dowling (3), 
Saylor (13) , and Wiley (18) , but little or no supporting data were given. 
The variation in yield and percentage sucrose was investigated more 
thoroughly in 1938. 
Beets were planted in 1938 at three different dates on each of three 
soil types, Clarion sandy loam, Webster silty loam, and muck. Where 
possible, comparable plantings were made on each of five farm fields of 
each soil type. Within a field these plantings were in as close proximity 
as possible. The average results for the three planting dates on each of 
the three soil types are reported in Table 3. The severe late leaf spot 
epiphytotic in September as mentioned above had eliminated most of the 
differences attributable to date of planting. It was evident that beets in 
muck soils were characterized by a percentage of sucrose of only 5/ 6 that 
of beets in the mineral soils, and a yield about 7 / 6 that of the beets in the 
mineral soils. The sucrose percentage from beets grown in muck soil was 
below the level of rejection contained in most contracts. Crops on muck 
soil lowered the percentage sucrose for the entire area, but growers of 
TABLE 3 
THE PERCENTAGE OF SUCROSE, PULP MOISTURE, AND SOIL MOISTURE FOR SUGAR BEET PLANTINGS MADE AT THREE DIFFERENT DATES ON THREE 
DIFFERENT SOILS IN 1938 
EARLY PLANTING I MEDIUM PLANTING LATE PLANTING 
Clarion Webster Muck Clarion Webster Muck Clarion Webster Muck 
No. plots .... .. . . . . .... 4 5 1 4 5 2 4 6 2 
Percentage 
sucrose . ... .. ..... . . 12 .55 12 .78 10 .00 12.41 12 .70 11 .02 12.97 13.06 11 .35 
Percentage moisture 
in pulp ..... ..... ... 81 .66 81 .73 84.40 81.47 81. 73 83 .35 81 .06 81 .00 82 .90 
Pe:cen~age moisture 
m soil . . ... . .. . . . .. . 22 .93 24 .29 36.34 21.47 23 .71 37 .71 21.43 23 .59 37. 81 
Yield 
T / A .......... .. . . . 14 .20 13 .98 16.81 13.65 13 .23 15 .10 9.93 9.73 12 .69 
...... 
O') 
00 
G. C. KENT, C. M . NAGEL, AND I . E. MELHUS 169 
these beets received large payments because of the heavy tonnage yield 
obtained. Plantings on muck soils were definitely detrimental to the 
interests of sugar beet production in northern Iowa. 
Differences similar to those observed in 1938 were also apparent in 
the less extensive analyses conducted in 1939 and 1940. In all three years 
the beets from Webster soils averaged about 0.3 percentage points more 
sucrose than beets from Clarion soils. This slight difference of sucrose 
percentage was counterbalanced by the somewhat greater yield on the 
Clarion soils. Since both mineral soils produced beets with sucrose per-
centages well within the profitable range, the data indicated the difference 
between the soils to be inconsequential. 
VARIATION CAUSED BY RAIN DURING HARVEST 
The effect of rain during the fall has been considered to be detri-
mental to high sucrose contents by most workers. The explanation for 
such detrimental effects vary and few data are available. Saylor (11, 12, 
13) , Wiley (17, 18) , Lill (5), Roeding (10), and others (8, 14, 16), have 
agreed that rains during the latter part of September and during October 
were detrimental to high sucrose content of the beets. This decrease has 
been explained as resulting from renewed root growth (12), renewed 
shoot growth (10, 13), renewed root and shoot growth (11, 18) or, perhaps 
in part at least, from dilution of sugar in the root (8, 16) . If the fall rains 
were heavy, the renewal of growth drained the sucrose reserves suffi-
ciently to render the beets unsatisfactory for processing (10), especially if 
the rains were followed by warm weather (11, 18) . In irrigated regions 
late irrigation has been said to be harmful to the beets (10), although 
more recently this has been denied and suggested as even being beneficial 
if moderate (7). Urban (16) in Czechoslovakia has made the most thor-
ough investigation of the effect of rain during harvest on the sucrose con-
tent of the sugar beet. In general he found that rains of more than an inch 
would cause a drop of 1.12 per cent sucrose or more in the week following 
the rain. The drier the beet at the time of the rain, the greater was the 
decrease observed in the sucrose content. 
The 1937 data gave an indication that the effect of a rain on the su-
crose content was not completely understood. On October 16, 1937, har-
vesting was interrupted for 5 days by approximately 1 inch of rain. When 
harvesting was resumed many fields showed a sucrose content of about 
0.5 percentage point lower than in October 15. This sucrose content 
increased to the October 15 level within 7 to 10 days. In certain fields, how-
ever, no decrease in sucrose content was observed. 
Further data were collected in the following three years to determine 
the effect of a heavy rain on sucrose content and the proper time for re-
sumption of harvest after a rain to avoid a loss of sucrose. In 1938 a rain 
of 0.92 inches occurred on October 12. Analyses of beets collected October 
15 showed a slight increase over that of October 7. On October 19 the sugar 
analyses averaged 0.4 to 0.6 percentage points below those of October 
15. On October 29 the sugar content was equal to or greater than that 
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of October 15. In 1939 rains totaling 1.2 inches occurred from October 5 
to 9. Sugar analyses on October 16 showed an average drop of 0.8 percent-
age points from those of October 11. However, the variation of gains and 
losses were too extreme to consider this as indicative of a definite drop in 
sucrose. 
In 1940 analyses were conducted on beets from a selected field for 
the purpose of collecting data on the effect of a rain. The data obtained 
are reported in Table 4. It will be noted that 1 inch of rain on October 6 
followed by 0.31 inch on October 10 produced no effect on the sucrose con-
tent. The continuous rains from October 28 to October 31 totaling 1.68 
inches caused a drop of 4.2 per cent sugar in collections on November 5. 
Although this was undoubtedly an extreme case, it was believed to confirm 
the general theory of the effect of rain on beets during harvest. 
From the above results, it seemed evident that two points might be 
made. The effect of a rain in lowering the sucrose content of sugar beets 
reached a maximum approximately 7 days following the rain. This effect 
was not noticeable or was very slight in the early part of the hq.rvest 
period, became of noticeable and harmful proportions during the middle 
of harvest and might be extreme if it occurred at the end of the harvest 
TABLE 4 
THE AVERAGE PERCENTAGE OF SUCROSE AND M OISTURE IN THE BEET PULP AND MOISTURE IN 
THE SOIL IN THE PLANTING SAMPLED D URING 1940 
PERCENTAGE M OISTURE MOISTURE 
SUCROSE IN PuLP IN SOIL PRECIPITATION 
O ct . 2 .... . ... . .. 12 . 28 80 .91 24 . 82 
O ct . 6 ........... . . . . . . . . . . . . . . . . . . . . . . . . . ........... . .. 1.00 
O ct . 9 ..... .. .... 13 .07 80 .57 31 .14 
O ct . 10 ....•...... . 31 
O ct. 14 ... .. .. .. . 13 .93 79 . 93 29 . 86 
O ct. 22 . .. . ... .. . . 15 . 05 79. 06 27 . 14 
O ct . 28 . ......... . . 83 
O ct . 29 ... .. ..... . . 14 . 50 79. 92 38 . 26 . 24 
O ct. 31 .......... . . 61 
N ov. 1 ......... . . 15. 04 78 . 89 38.57 
N ov. 5 . .. . . .. .. . . 10 . 80 83 . 87 33 . 40 
N ov. 8 . .. . . ..... . 13.88 80 .77 30 . 59 
N ov. 9-12 * ... . . . . 2.43 
Nov. 19 ... . .. . ... . 12 .98 81 . 39 41. 98 
*Beets frozen in ground. 
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period. It would appear that if beets cannot be lifted within 3 days after an 
inch of rain occurring during the last half of the harvest period, they 
should be left in the ground at least 10 days after the rain if this is possible. 
TIME OF HARVESTING SUGAR BEETS IN IOWA 
Recommendations for the time of harvesting sugar beets are rather 
vague. Lill (5) and Nuckols (6) agreed that since sucrose was stored 
during warm fall weather, the beets should be left as long as possible 
before digging. Lill, however, warned against allowing the beets to be 
16 
15 
I 
II I I 
I 
I 
_____ J 
10 23 28 
September 
I 
I 
I 
I 
I 
3 
---
---
-----
8 13 18 23 28 
Oc1"ober 
DATE SUGA/2 BEETS LIFTED 
1940 
7 12 
November 
FIG. 1. The trend of sucrose content of sugar beets sampled in northern Iowa from 
Sept. 23 to Nov. 8 during 1938, 1939, and 1940. 
frosted; Nuckols reported that frost caused no damage but made harvest-
ing more expensive. 
The average of the daily analyses of sucrose content of sugar beets 
sampled during 1938, 1939, and 1940 are shown in Figure 1. From the 
trends of the curves from these analyses, it was evident that beets lifted 
before October 1 would be comparatively poor in sucrose. As a resu,lt, the 
grower would receive less for his beets and the cost of processing the beets 
per hundred pounds of sugar produced would be increased; It appeared 
further that there was little to be gained in sucrose percentage by leaving 
the beets in the ground after October 7 to 10. These data suggest that 
sugar beet harvesting in Iowa should begin about October 1 and be com-
pleted by October 10. All beets should be lifted by the end of October to 
avoid the slow loss of sucrose that may occur as a result of cold weather, 
frost, etc. 
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SUMMARY 
An investigation of the factors affecting the sucrose percentage of 
sugar beets grown in northern Iowa was conducted from 1937 to 1940. 
The average per acre production of sucrose in different commercial 
fields varied from 2,023 pounds to 4,417 pounds. Sucrose percentage rang-
ed from an average of 11.85 to 16.48, and the yield of beets from 7.57 to 
13.40 tons per acre. The highest sucrose yield resulted from the greatest 
tonnage and the highest percentage sucrose. No relation, however, was 
found between the tonnage and percentage sucrose of beets. 
In 1937 the average production of sucrose (pounds per acre) on 5 
fields planted before May 14 was 3,487 pounds, whereas that on 8 fields 
planted after May 18 was 3,023 pounds. Ten fields planted on April 29, 
1938, yielded an average of 3,630 pounds of sucrose per acre, but 12 fields 
planted on May 29 produced an average of 2,709 pounds. 
Although the tonnage yield of beets was greater on muck soil than 
on mineral soils, beets grown on mineral soil yielded a higher percentage of 
sucrose than those grown on muck soil. For example, the percentage 
sucrose in beets grown on Clarion sandy loam was 12.55; on Webster silty 
loam, 12.78; and on muck soil, 10. 
The maximum percentage of sucrose was not obtained in sugar beets 
harvested before October 1 in 1938, 1939, and 1940. Little appeared to be 
gained in sucrose percentage, however, by leaving the beets in the ground 
after October 7 to 10. 
When an inch or more of rain fell during the last half of the harvest 
season, or after October 15, the sucrose percentage did not decrease over 
0.2 percentage points in the first 3 days following the rain, but after 7 to 10 
days the decrease amounted to from 0.5 to 4.2 percentage points. After this 
time the sucrose percentage increased. Indications were that if beets can-
not be lifted within 3 days following an inch of rain occurring during the 
last half of the harvest period, they should, if possible, be left in the 
ground at least 10 days after the rain. 
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'!'HE RELATION OF SECONDARY PLANT SUCCESSION TO 
SOIL AND WATER CONSERVATION1 
ROBERT M. WARNER AND J. M. AIKMAN 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Received March 7, 1942 
In many areas in the United States, soil erosion has progressed to a 
point at which little or none of the fertile top soil remains. Such areas 
are of little value for agriculture unless given treatments expensive in 
labor, fertilizers, seed, and engineering structures. Many of these areas 
have been and are being abandoned. When man's disturbing influence on 
these eroded areas is removed or materially lessened, reclamation through 
the invasion and development of natural vegetation becomes evident. If 
gullying is not too far advanced, weed communities invade and take pos-
session. The presence of the weeds ameliorates the aerial factors, im-
proves the structure of the soil and increases its fertility by the addition 
of organic matter so that the modified conditions permit the development 
of plant covers of increasing density and volume until the final vegetation 
type which the climate will support (the climax) is reached. This com-
plete process is known as secondary plant succession. 
Vegetative cover is one of the few factors affecting the rate of soil 
erosion which can, to any appreciable extent, be controlled by man. 
Studies have been made of the successional stages of herbaceous and 
woody plant covers of the soil and of the effect of these natural plant 
covers and of crop covers on the rate of runoff and erosion (1, 2, 6, 8, 12, 
·13, 17, 18, 19). Very little, however, is known of the effect on the rate of 
soil erosion, of plant communities which invade bare eroded areas and, by 
successive stages of secondary plant succession, modify the site until the 
climax vegetation stage again develops. In the attempt to establish ade-
quate plant covers on bare eroded soils, much can be learned from a study 
of this natural method of reclothing bare areas with vegetation. 
The object of this paper is to present the facts of secondary plant 
succession in central Iowa which are pertinent to a study of the establish-
ment of protective vegetative covers and · to evaluate the effect of the 
vegetation of each stage of the succession on soil and water conservation. 
EXPERIMENTAL METHODS AND RESULTS 
Intensive studies of the development of the plant communities which 
make up the various stages and their relationship to soil and water con-
servation were made in and near a large gully 5 miles northeast of Ames. 
Extensive studies of secondary plant succession were made in disturbed 
areas in the surrounding region. Response of various erosion control 
1 Journal paper No. J-988 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 429. 
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plants on soils of 4 of the distinctive successional stages found in the field 
were investigated in the greenhouse. The gully selected for intensive 
study was a V-shaped cut through the poorly developed Conover fine 
sandy loam into the highly calcareous subsoil. This soil is a shallow forest 
soil derived from Wisconsin drift. The gully had developed by erosion 
from a borrow-pit. A general view of a portion of the gully and one of 
the erosion traps is shown in Figure 1. 
FIG. 1. A general view of a portion of the gully, showing the instrument shelter on 
the nearly bare west slope and one of the erosion traps in the right background. 
As a result of the extensive studies a chart was made (Fig. 2) of the 
stages of the secondary plant succession in central Iowa. The relationship 
existing between the stages of secondary and primary plant succession is 
shown in the chart. The later stages of succession are the same whether 
the early stages are primary or secondary. 
Five stages of the secondary succession were selected for study. A 
denuded check area was used to determine the rate of runoff and erosion 
from soil not affected by the presence of vegetation. The vegetation of 
the early weed stage was made up of species of Ambrosia, Sporobolus, 
Setaria, and Aristida, and had a basal area of 0.5 per cent. The late weed 
stage as represented in the gully had Melilotus ofjicinalis as a dominant 
with a denser stand of the weeds which were present in the early weed 
stage. The average basal area was 1.2 per cent. The short-lived perennial 
stage (Fig. 3) had an average basal area of 6 per cent and the Kentucky 
bluegrass had a basal area which varied from 12 to 18 per cent. Of the two 
stages represented by forest communities (Fig. 2) , the final post-climax 
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Maple-linden .post-climax 
t . 
Oak-hickory stage 
t 
Mesic shrub stage 
Corylus americana 
Zanthoxylum americanum 
t 
Xeric shrub stage 
Rhus glabra 
Cornus paniculata 
~Prairie climax 
Andropogon scoparius 
Stipa spartea 
Sporobolus heterolepis 
Bouteloua curtipendula 
Koeleria cristata 
177 
7 \Kentucky bluegrass sod Poa pratensis 
Trifolium repens 
Short-lived perennials ------ t 
Poa compressa Late weed stage 
Achillea millefolium Melilotus sp. 
Euphorbia corollata Oenothera bierinis 
Aster sp. Chenopodium album 
Solidago sp. Ambrosia artemisiifolia 
Erigeron sp. Euphorbia maculata 
Danthonia spicata t 
pennaria ne lecta Ea;:;:i::~a :a~:misiifolia 
~ _,,,. Sporobolus sp. 
Fern stage Setaria viridis 
f Plantago sp. 
Moss stage Aristida sp. 
I t 
Foliose lichen stage Bare soil or subsoil 
t 
Crustose lichen stage t SECONDARY SUCCESSION 
Bare rock 
PRIMARY SUCCESSION 
FIG. 2. Chart showing the relationship of the stages of primary and secondary 
plant succession. The plant species of the stages are those of central Iowa. The rela-
tionship of the stages as shown is applicable to the entire prairie climax region of 
central United States. 
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stage, the maple-linden, was selected for study. It had a very low basal 
area but an average top cover (canopy) density of 90 per cent. 
The intensive phase of this study was made during the drought year of 
1936 when only one small rain fell in May and there was .no rainfall be-
tween June 27 and August 3. During most of the summer, the temperature 
was high; the average diurnal temperature for July and August was 
90°F . The average diurnal relative humidity for this entire period was 
only 45 per cent. The hygrothermograph from which the readings were 
taken was located on the west slope of the gully and was protected from 
the direct rays of the sun. Comparisons of diurnal temperature at the soil 
level showed that bluegrass cover reduced the temperature 10 to 12 per 
cent below that of bare soil and that the maple-linden woods caused 
another 10 to 12 per cent reduction. 
The dryness of the air about one foot above the ground, as tested by 
atmometer readings of evaporation rate, was 36 per cent greater in the 
open on the west side of the gully than on the north slope under the maple-
linden woods. Readings of radiant energy, which accounted for the 
greater part of the above difference in evaporation rate were 100 per cent 
on the bare slope, over 90 per cent under the vegetative cover of the first 
and second weed stages, and only about 3 per cent under the maple-linden 
cover. The dry condition of the air immediately above the almost bare 
soil of the two weed stages contributed to the dry condition of the top six 
inches of soil in these two stages. The low rate of percolation of water in 
the soil of these two stages, as shown by the high rate of water loss follow-
ing rains, seemed to be the other important contributing factor, since the 
volume of vegetation was so low that there was little loss of water from 
the soil by transpiration. 
Available moisture was lacking most of the summer in the surface 6 
inches of the bare soil plots of the first two stages of the succession, but 
there was at least 5 to 15 per cent available in the other stages. In the 
second 6-inch layer of the soil in the first two stages there was only 3 to 5 
per cent of available moisture and in the second foot only 6 to 7 per cent. 
Rate of percolation was much higher in the soil of the maple-linden forest 
as shown by the low water loss from the erosion trap, and percentage of 
available moisture to a depth of two feet was much greater, as shown by 
soil borings, in spite of the use of large quantities of water by the trees 
in this stage. However, at no time during the dry summer and fall was 
there more than 3 to 4 per cent of available water at the 3-foot depth 
in the maple-linden. The paucity of water at this depth would seem to 
indicate that percolation rate would have continued to be high with an 
increase in precipitation. 
The soil of the bare soil plots was low in organic matter (.24 per cent), 
of poor structure, and was easily puddled by beating rains. The organic 
matter of the soil of the first two successional stages, although over twice 
as great as in the bare plots, was also low, and soil structure was cor-
respondingly poor. 
Erosion traps of a modified Bates and Zeasman type (6) were set up in 
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a series of 1/ 500 acre (6.6 x 13.2 feet) plots in 5 stages of the succession 
and in one denuded plot (Fig. 3f The run-off water and eroded material 
was caught in 21-gallon galvanized iron cans. The water was measured 
after each rain and a representative silt sample was taken to the labora-
tory and oven dried to determine the quantity of silt. For comparison 
the data were calculated on the basis of 40 per cent slope which was ap-
proximately the average degree of slope. 
FIG. 3. The short-lived perennial stage which had a basal area of 6 per cent, 
June 1936. The type of runoff and erosion traps used in the study is shown. 
Total water and soil loss in gallons and pounds per acre for the 15 
rains from June to September are graphically represented in Figure 4. 
The water loss from the short-lived perennial stage in this series was 
higher in proportion to the two weed stages than occurred in other tests 
made. This increase is attributed to the fact that there were more rock 
fragments in this site which had formed a quite well-developed erosion 
pavement in spite of the fact that the plant cover had reached the third 
stage in the secondary succession. Although a small decrease in rate of 
water loss might Be expected in successional order in the first three stages 
following the invasion of a bare area, any such decrease would be slight 
for the changes which the small volume of plant cover has made on the 
structural characteristics of the soil, contributing to increased percola-
tion rate, are very meager. 
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The comparatively high rate of water loss from the bluegrass sod as 
shown in Figure 4 was confirmed in other experiments by approximately 
the same results where the site had been moderately grazed as it was 
here. In general, however, the slight increase in the quantity of water 
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Frc. 4. Total water loss in gallons per acre and soil loss in pounds per acre, calcu-
lated on the basis of 40 per cent slope, for the stages of secondary plant succession. 
June to September, 1936. 
found in the soil in the bluegrass stage over the first two stages and the 
slightly greater loss of water by transpiration from the bluegrass than 
from the plants of the other two stages would not require a quantity of 
water much greater than that accounted for by the decrease in rate of 
runoff in the bluegrass as compared to the first two stages. It was noted 
also during rains that the bluegrass cover, under the condition of partial 
cropping and moderate packing as under moderate grazing, allows a 
relatively free movement of water between and along the blades of grass 
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if the slope is as great as 40 per cent. These data would seem to indicate 
that bluegrass pastures have probably been over-rated as water conserving 
plant covers. 
The maple-linden community, although almost completely unprotected 
at the ground level, had only one-fourth as much water loss as the bare 
area and slightly over one-third as much as the bluegrass pasture with 
12 to 18 per cent cover at the surface of the soil. However, a top cover 
(canopy) density of 90 per cent reduced the force of the rain, and the 
high yearly yield of readily decomposed organic matter over a long period 
of time had improved the structure of the soil to a degree that induced a 
high rate of water percolation. 
The results summarized in Figure 4 show that although there seems 
to be less relationship between the stage of development in the secondary 
succession and the rate of water loss than might be expected, there is a 
definite relationship between the stage of development and rate of soil 
loss. The only anomalous fact in the series is the almost identical soil loss 
from the early and late weed stages. This may be attributed in part to 
the similarity in quantity of water lost from the two sites which would in-
dicate almost equal soil-carrying capacity provided there was little differ-
ence in soil protection. The degree of protection at the surface of the 
ground afforded by the larger number of smaller plants was greater in the 
late weed stage, but this was probably offset to some extent by the slightly 
better protection immediately below the ground of the root systems of 
the larger, better-developed plants of the early weed stage. The much 
greater soil-holding capacity of the fibrous root system of the bluegrass 
sod at the ground level as contrasted to the absence of soil-holding plants 
at the ground level under the maple-linden forest would seem to account 
for the greater loss of soil from the maple-linden site than from the blue-
grass site in spite of the fact that there was much more loss of water 
from the bluegrass sod. In fact the clearness of the large quantity of water 
from the bluegrass indicated that it had come in contact with very little 
unprotected soil. 
The influence of the quantity and intensity of rainfall on soil and 
water loss are shown in Figure 5. The quantity was relatively much re-
duced for rains under 0.4 inches, but the relationship between soil and 
water loss was approximately the same for the different intensities of 
rainfall. Combining the data from the three early stages it was found that 
the soil loss from one 2-inch rain was nearly twice that caused by 4 rains 
totaling 2 inches and 4 times that caused by 8 rains totaling 2 inches. 
Runoff was greater for the 4 rains than for the single 2-inch rain but only 
half that for the 8 rains, which totaled 2 inches. 
In the forest with. its 90 per cent canopy, interception was a very im-
portant factor for the light rains. The average interception for 10 rains 
below 0.4 inches was 20 per cent. It was 14.2 per cent for an average of 6 
rains between 0.4 and 1.0 inch. Four rains between 1 and 2 inches had an 
average interception of 4.1 per cent. For rains over 2 inches average 
interception was less than 1 per cent. 
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Under average conditions in central Iowa it requires at least 50 years 
for the development of secondary plant succession to the initiation of the 
oak-hickory forest stage. The rate of succession and nature of the plant 
cover are dependent on factors intimately associated with water and soil 
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FIG. 5. Influence of size of rain on soil and water loss in 6 successional stages. 
June to September, 1936. 
loss. The edaphic factors of texture, structure, and depth of soil, the per-
centage of available water and nutrients, the percolation rate and capacity 
(4, 10, 11, 13, 14); the physiographic factors of slope and aspect; and the 
climatic factors of temperature, relative humidity, rate of evaporation, 
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and the total quantity of precipitation (5, 13) all affect and are affected by 
rate of runoff and erosion and by the existing plant cover. There is an 
increase in density and quantity of plant cover and a slow increase in 
rate of soil building as progress is made in secondary plant succession 
from the early stages toward the climax or postclimax. 
The importance of preserving the A horizon of soil profiles was dem-
onstrated by Sinclair and Sampson (16) who planted native and crop 
plants on the soils of the A, B , and C horizons. Rate of growth and quan-
tity of plant material produced was greatest and the number of days re-
quired for production of flowers and fruit was least for plants grown on 
the A horizon as compared to plants grown on the B and C horizons. 
Establishment of climax and subclimax plants where the A horizon had 
been removed was retarded or prevented. In nature early stages of the 
succession must prepare the way for the establishment of the perennial 
plants of the later stages. In the present problem there were indications 
of similar difficulties in succession on the badly eroded soils, so the follow-
ing experiment was undertaken. 
Soil collected to a depth of 6 inches as large composite samples from 
4 plant communities, representing stages of the secondary plant succes-
sion in central Iowa, were taken into the greenhouse, sifted through a 
3/s-inch screen, thoroughly mixed, and placed in deep flats for planting. 
Some of the properties of the soils are given in Table 1. The soils of the 
first 3 stages were slightly alkaline in reaction and very low in organic 
matter. 
TABLE 1 
CHARACTERISTICS OF SOIL FROM P LANT COMMUNITIES USED IN GREEN HOUSE SEEDLING AND 
TRANSPLANT EXPERIMENTS: W ATER-HOLDING CAPACITY, WILTING PER CENT 
AND O RG ANIC M ATTER IN PERCENTAGE DRY W EIGHT OF SOIL 
W ATER-
STAGE SOIL H OLDING WILTING ORGANIC PH 
C HARACTERISTICS C APACITY PER C ENT M ATTER 
(1) Early weed . . . Yellow calcareous cla y, 22. 5 .5 0 .24 7 .3 
heavy 
(2) L ate weed . ... Similar to (1 ), coarser 28 . 5 .3 0 .68 7. 3 
texture 
(3) S hort-lived Soil m ore leached a n d of 29. 5.4 0 .67 7. 4 
perennial . .. . lighte r structure tha n (2) 
(4) Sumac and Con over fine sandy loam 35. 4.4 2. 23 6 .8 
h azel shrub .. . 
The soils were placed in 10-inch flats and planted in December to 
woody and herbaceous species selected chiefly for their ability to grow on 
poor, thin soils. Light was a limiting factor because of the short winter 
days. The day temperature varied from 70° to 80° F., and the night tem-
perature was reduced to about 55°. The flats were kept watered at ap-
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TABLE 2 
AVE RAGE HEIGHT GROWTH IN CENTIME TERS OF WOODY AND HERBACEOUS SPECIES GROWN 
IN GREENHOUSE 
SOIL OF THE FouR STAGES I EARLY WEED I LATE WEED I PERENNIAL I SHRUB 
Average of 13 Weeks' Growth 
Woody Species 
Caragana arborescens . ... . 2 5.5 16 10 
Catalpa speciosa . ........ 6 7.5 8 . 5 11 
Ceanothus americanus . ... 3 . 5 8 . 5 9 13 
Cercis canadensis .. .. . . . . 4 6 9 . .. .. ... .. . 
Eleagnus commutata . . ... 3.5 5 7 6 
Physocarpus opulifolius . ... 3 4 7 7.5 
Robinia pseudoacacia . ... . 7 10 13 20 
Rhus canadensis . .. ...... . . . . . . . . . . . . . 3 3 . 2 3 . 5 
Rh us glabra . .. ... . .. .. .. 3 . 5 4 6 . 5 .. ...... . .. 
Average of 8 W eeks' Growth 
H erbaceous Species 
Agropyron repens ... . .. . . 13 22 23 30 
Agropyron tenerum ...... 13 25 24 28 
Agropyron Smithii .. . .... 13 26 35 28 
Andropogon furcatus . . ... 5 6 14 4 
Andropogon scoparius . . .. 6 9 8 6 
Cynodon dactylon .. .. . . . . . 8 2 .0 6 10 
Elymus virginicus ........ 9 12 18 10 
Festuca elatior .......... . 16 23 30 36 
Lolium perenne .. ........ 12 22 25 30 
Melilotus alba . ... ... .... 15 15 14 14 
Phleum pratense . ...... .. 7 10 24 24 
Poa pratensis ..... ....... 4 9 12 13 
Sorghastrum nu tans . ..... 4 9 4 . . ...... . .. 
Sorghum halapense .. . .. .. 20 39 33 55 
Sorghum vulgare ......... 2 2 6 . . . .... .. .. 
Sporobolus cryptandrus ... .4 1 .0 1.5 .8 
Trifolium pratense ..... .. 14 15 21 24 
Trifolium repens ....... . . 6 9 11 15 
proximately the soft ball stage of the soil. Table 2 lists the average growth . 
of the 4 replicates of each species planted in the 4 soils after 13 weeks 
for the woody plants and 8 weeks for the herbaceous plants. Robinia 
(black locust) grew especially well, exceeding all other species in the 
poor as well as in the better soils. Aeration, which seems to be an im-
portant factor in the growth of black locust, was favorable for all of the 
soils because of the small quantity of soil (approximately one cubic foot) 
and favorable drainage from the flats. Ceanothus and Caragana also 
FIG. 6. Response of plants to soils of 4 successional stages, left to right: early weed, 
late weed, short-lived perennial, and shrub stages. In the upper row are catalpa, New 
Jersey tea, and partridge pea, 5 months after planting; in the middle row, sweet clover, 
red clover, Kentucky bluegrass, and perennial rye grass, 4 months after planting; in the 
lower row, wheat grass, Indian grass, wild rye, and fescue grass, 4 months after planting. 
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made good growth and developed a fair quantity of cover. Caragana made 
better growth in the soil of the short-lived perennial stage than in the soil 
of the shrub stage. 
Of the herbaceous species, the legumes showed proportionately much 
FIG. 7. Transplants, two rows each, of osage orange, black locust and honey locust 
in the 4 soils (early successional stages on the left) at the end of 12 weeks in the 
greenhouse. Honey locust made the greatest growth and osage orange the least. 
better growth in the soil of the 2 weed stages, as compared to the 2 later 
stages, than did the grasses (Fig. 6) . Sweet clover developed more height 
in soil of the weed stage than in the other soils. In Figure 6 (upper row) 
the growth of woody species after 5 months and herbaceous legumes and 
grasses (middle and lower rows) after 4 months of growth are shown. 
Differences in response of the plants, especially the woody species, did 
not become apparent until 2 months after planting. It was also observed 
that germination was more rapid in the soils of the higher stages. 
Transplants of nursery stock of the same woody species in the 4 soils 
gave a response similar to that of the seedlings. These results are shown 
in Figure 7. Honey locust was the slowest to resume growth following 
transplanting, but it made the greatest growth of the 3 species of seedlings. 
The seedlings of each species were of equal size when transplanted in the 
tiles containing composite samples of the 4 soils. Two seedlings of each 
stage showing average growth of the 4 replicates of each species are shown 
in the Figure. Least growth and least variation in growth among the 4 
soils were shown by the osage orange, and greatest growth and greatest 
variation in growth were shown by the honey locust. Lack of variation 
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in rate of growth of black locust in the 4 soils indicates that black locust 
makes satisfactory response even in poor, thin soils provided moisture 
supply and aeration are adequate. 
DISCUSSION AND SUMMARY 
Three interrelated elements have a bearing on the process of sec-
ondary plant succession: the soil, the vegetation, and the climate. The 
soil and the vegetation develop together, each affecting the other and 
tending to give the fullest possible expression of the climate. The develop-
mental effect of the climate on the soil is chiefly through the reaction on 
the soil of the type of vegetation which the climate and soil will support. 
As successive stages of vegetation develop with accompanying soil changes, 
various climatic and edaphic factors are ameliorated chiefly by vegeta-
tional effects. 
The vegetation of a given stage of development reacts on the climatic 
factors of the immediate habitat by a decrease in temperature induced 
by a reduction in radiant energy, an increase in relative humidity, a de-
crease in wind velocity, and a resulting decrease in rate of evaporation. 
The daily and periodic variation in the climatic factors are reduced in pro-
portion to the density of the vegetation. 
The reaction of the vegetation on the soil is direct as well as indirect 
through the amelioration of the climatic factors. The soil is protected 
from the force of the rain in proportion to the density of the top cover of 
the vegetation and is held in place against the erosive action of a given 
quantity and velocity of water in proportion to the protection afforded by 
the vegetation at the surface of the soil. Although temporary retardation 
of water movement at the soil surface is an important effect of vegetative 
cover, reduction in rate of runoff of water which actually reaches the soil 
surface, is proportional to the rate of percolation which is influenced 
chiefly by the structure of the soil. Under natural conditions, improve-
ment in soil structure is induced chiefly by the organic matter added to 
the soil by the decomposition of the dead plant parts supplied by the 
vegetative cover of the soil. 
The increase in quantity of soil moisture attributable to an increased 
rate of percolation and greater water-holding capacity of the soil opens 
the way to the invasion of a group of plants higher in the succession to 
which the immediate environment of the site had previously been a bar-
r ier. The plants of the higher stage of the succession protect the soil and 
improve the structure to an extent that the water and soil losses are much 
reduced. These improved habitat conditions in turn induce the develop-
ment of a more luxuriant vegetative cover, and the soil-protecting and 
building process is accelerated. _ 
In the early weed stage on the Conover subsoil, the total organic 
matter percentage was less than .3, and the daily variation in environ-
mental factors was extremely high. Under such conditions only plants of 
pioneer type invaded, and rate of growth was quite low. Since top 
cover density was about 2 per cent and basal area about 0.5 per cent, the 
188 SECONDARY PLANT SUCCESSION 
soil-deteriorating processes seemed to be almost as great as the soil-
building processes. Toward the close of this stage the plant cover increased 
but because the vegetation develops so slowly this stage is of long dura-
tion. In the late weed stages erosion was only slightly less, but the pres-
ence of sweet clover and a slight increase in volume of plant cover speeded 
up the soil-building processes to some extent. 
When the perennial plants became established there was a marked in-
crease in density of plant cover and a decrease in rate of soil loss resulting 
in improved plant growth conditions. The establishment of the short-
lived perennial stage following the late weed stage, by modifying the soil 
and other factors, made possible the invasion of the prairie grasses, Ken-
tucky bluegrass, or shrubs. The soil-building processes are very slow in the 
initial stages but are accelerated as the plants of the higher stages gain 
control. As the volume of the plant cover increases, the changes produced 
in a given period of time are of greater magnitude. 
The results of the intensive field experiments show that the effect 
of the plant cover of the successive stages in reducing water loss is over-
shadowed by its effect in reducing soil loss. There seems to be a definite 
relationship between the soil-building properties of the vegetation of the 
successional stages (Fig. 4, Table 1) and the loss of soil in tons per acre. 
From these results it would seem that any telescoping of stages of the 
succession, by the introduction of adaptable plants into any stage of the 
succession, would be effective in soil building and thereby in erosion con-
trol in proportion to the increase in volume of plant cover thus induced. 
It was shown from the results of the field experiments that even in an 
unusually dry year sweet clover can be successfully introduced on bare 
soil or into the early weed stage provided the soil is calcareous. 
The results of the greenhouse experiments (Fig. 6) verified the fact 
that sweet clover may be successfully established in the Conover subsoil 
of the early weed stage and that red clover, perennial rye grass, Indian 
grass, and wild rye may be successfully established in the Conover subsoil 
of the late weed stage. The ecological equivalents of these legumes and 
grasses include a large number of species which may be established in 
Conover and comparable subsoils which have reached the late weed stage 
of development. 
In field experiments, transplants of green ash, black locust, and 
Siberian pea were found to persist even on the steepest, driest sites of the 
early weed stage. Greenhouse experiments (Fig. 7) indicated that honey 
locust may be added to the list. 
The results of the studies in establishment of species in soils of 4 
of the successional stages indicate that the secondary successional develop-
ment on eroded soils may be accelerated by the introduction of the plants 
showing adequate establishment in earlier stages of the succession than 
the stage in which they usually occur. As a result of this research there 
seems to be ample evidence that secondary plant succession may be con-
trolled by man to a degree that will materially augment its effect on soil 
and water conservation. 
, 
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CAROTIN-THE PRINCIPAL PIGMENT RESPONSIBLE FOR 
VARIATIONS IN COLORATION OF THE ADULT GRASSHOPPER, 
MELANOPLUS BIVITTATUS SAY 
JAMES McDONALD GRAYSON1 AND OSCAR E. TAUBER 
From the Laboratory of Insect Physiology, Department of Zoology and Entomology, 
Iowa State College, Ames, Iowa 
Received March 9, 1942 
Adult grasshoppers of Melanoplus bivittatus exhibit two distinct color 
types, with forms intermediate between the two. Specimens of both color 
types as well as intermediate forms exist within the same locality, appar-
ently having been produced under similar environmental conditions. 
Mating between grasshoppers of all color phases has been observed under 
field conditions and in experimental rearing cages. 
In the following discussion the term "light phase" is used to designate 
the color type of those adult grasshoppers with distinct yellow coloration 
on the head, dorsal stripes, sides of thorax, ventral surface of thorax and 
abdomen, and hind femora. The term "dark phase" refers to adult grass-
hoppers with no observable yellow, but with gray to bluish or purplish 
gray on the regions of the body enumerated above. The distribution of 
black pigment in either type is approximately the same, and is located 
as follows: a single stripe on the side and three bars on the top edge of 
the hind femur, a broad median stripe on the dorsum, and a stripe of 
irregular outline on the upper edge of each side of the thorax. Between 
these two distinct types there are individuals classified as "intermediate" 
because they possess some yellow coloration which is either inadequately 
distributed over the body or is lacking in intensity. When 762 adult 
M. bivittatus collected from the field were classified according to colora-
tion, they were divided as follows: 30.3 per cent dark phase; 42:0 per cent 
light phase; and 27.7 per cent intermediate phase. 
In this investigation the principal pigment responsible for the differ-
entiation of the two distinct color types was identified,2 and determina-
tions were made of its intensity in the insect body. 
HISTORICAL 
Colored substances of a carotinoid nature have been found in many 
insects, but specific references to their presence in grasshoppers and 
. locusts are meager. Disregarding earlier indefinite references, the writers 
have found but one paper reporting the proved identity of carotin in 
1 The investigation reported here is part of the senior author's doctorate thesis 
research completed at the Iowa State College on a fellowship awarded by the General 
Education Board. He is now with the Virginia Polytechnic Institute, Blacksburg, 
Virginia. 
2 Acknowledgement is made to Dr. C. E. Barthell, Jr., and to Mr. Wallace Caldwell 
for assistance in the spectroscopic identification of the grasshopper pigment. 
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grasshoppers. Lederer (3) extracted "pure ~-carotin" from the bright red 
wings of Oedipoda miniata, a short-horned grasshopper. His identification 
was by chromatographic and spectographic methods. Only traces of caro-
tinoids were found in the blue wings of 0. coerulescens. Tests on other 
insects showed that among the various pigments he obtained from the 
elytra of the coleopteron, Coccinella septempunctata, was a mixture of 
a- and ~-carotins. Further investigation indicated the presence of lycopin 
(an isomer of carotin), in the dried bodies of the hemipteron, Pyrrhocoris 
apterus. 
Experimental observations made prior to 1922, concerning the pres-
ence of carotinoids in insects, are reviewed by Palmer (7, pp. 155-161). 
Since then Palmer and Knight (8) have reported carotin in the hypo-
dermis of the stink bug, Perillus bioculatus; and in the hemolymph of the 
potato beetle, Leptinotarsa decemlineata. Fresh hemolymph of the latter 
had a carotin concentration of 0.0136 per cent, which is as high as in fresh 
green leaves. Abeloos and Toumanoff (1) considered the violet rose pig-
ment of the anterior femora of the walking-stick, Dixiwus morosus, to 
belong in the "carotinalbumins." They were able to demonstrate the 
presence of yellow lipochrome pigment in the integument and the blood 
of the same insect. Meyer ( 5) examined lepidopterous larvae from nine 
different families, and found carotin in the hemolymph. Wall (9) has 
reported the yellow pigment of Aphis gossypii to be entirely carotin. Two 
samples gave 0.0034 and 0.0163 per cent concentrations, based on live 
weight. 
PROCEDURE 
For qualitative analyses, samples of from 15 to 25 adult grass-
hoppers were killed in hydrogen cyanide gas, and the alimentary canals 
removed. The digestive tubes were not included in order to eliminate 
the possible inclusion of pigment in the ingested food. The remainders 
of the bodies were cut into small pieces and thoroughly ground in a 
mortar with sand and acetone. Pigments soluble in acetone were thus 
extracted and later purified by a procedure similar to that for separation 
of plant pigments (4, 6). 
Water-soluble pigments were extracted by adding hot water to the 
ground bodies, prepared as above. 
Liquid solvents were separated from the extracted solids by suction 
through a coarse filter. 
Identification of the principal acetone-soluble pigment was accom-
plished by spectroscopic and chemical analyses. Spectrophotographs of 
the purified pigment were obtained, and locations of the absorption bands 
were determined by reference to a copper arc spectrum included on each 
photographic plate. The color reactions of the pigment when dissolved 
in either carbon disulfide or 95 per cent ethyl alcohol were also observed. 
Chromatographic analyses were made by drawing the dissolved pigment 
through finely-ground materials, such as calcium carbonate, mercuric 
chloride, calcium chloride, and powdered sucrose, tightly packed in ad-
sorption tubes. 
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For quantitative determinations of the yellow pigment, the same 
procedure was employed as described above, except that special precau-
tions were taken to remove all pigment. The concentrated pigment in 
petroleum ether solution was compared with standard 0.2 per cent 
aqueous solution of potassium dichromate in a Bausch and Lomb colori-
meter. The amount of pigment was determined as described by Palmer 
(7, pp. 257-60). 
RESULTS AND DISCUSSION 
The acetone-soluble extracts of Melanoplus bivitatatus are repre-
sented largely by a single pigment. The removal of only an occasional 
trace of other pigment from the petroleum ether solution of pigment by 
treatment with 92 per cent methyl alcohol, and the failure to remove any 
pigment from the same solution by treatment with methyl alcoholic 
potassium hydroxide, indicate the yellow pigment to be composed prin-
cipally of carotin, with occasionally a trace of other pigment of a xantho-
phyll nature. 
Locations of the absorption bands obtained by spectroscopic analysis 
of the petroleum ether solution of yellow pigment are similar to those 
produced by pure carotin (Fig. 1). The locations of the former were as 
follows: band I, 484-473 mu; band II, 453-444 mu; and band III, 428-411 
mu. Palmer (7, p. 222) has reported pure carotin in alcohol or ether 
solution to give the following absorption spectrum: band I , 490-475 mu; 
band II, 455-445 mu; and band III, 430-418 mu. Variations in width be-
tween the absorption bands reported for carotin and those yielded by 
the yellow pigment from grasshoppers can perhaps be explained by the 
difference in sensitivity of the photographic plate to the different regions 
of the spectrum. A difference in the refractive indices of the solvents 
could account for the slight shifting of the absorption bands of the grass-
hopper pigment toward the violet region of the spectrum. 
When dissolved in either carbon disulfide or 95 per cent ethyl alcohol, 
the yellow pigment gave positive tests for carotin (7, p. 218), a reddish-
orange color being produced in the former solvent, and a golden-yellow 
color in the latter. 
Positive results were obtained for carotin (7, p. 219) when the 
petroleum ether and carbon disulfide solutions of the yellow pigment 
were drawn through either calcium carbonate or powdered sucrose in an 
adsorption tube: There was no adsorption of pigment in either case. How-
ever, when the yellow pigment solution was drawn through mercuric 
chloride or through calcium chloride in an adsorption tube, the results 
obtained were not entirely positive for carotin. It is reported (7, p. 219) 
that carotin is adsorbed from petroleum ether solution by finely divided 
mercuric chloride and calcium chloride. Only a trace of pigment, how-
ever, was adsorbed from the petroleum ether solution of grasshopper 
pigment. It ~ay be that these adsorbents were not divided finely enough 
to hold the pigment; only ordinary mortar and pestle were available for 
grinding purposes. 
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Although the yellow pigment is often visible in the body cavity of 
both light and dark phase grasshoppers, it is deposited directly beneath 
the cuticula in only the light phase forms. In the body cavity it is par-
ticularly concentrated in the reproductive organs and surrounding fatty 
tissues. The pigment was found to be present in average concentrations of 
0.0436 milligrams per gram of body weight in the females, and of 0.0397 
milligrams per gram of body weight in the males (both determinations 
with the alimentary canals removed). In the reproductive organs and 
selected surrounding tissues, the pigment was present in a concentration 
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FIG. 1. A- Absorption spectrum of the yellow pigment, in petroleum ether solu-
tion, from Melanoplus bivittatus Say (from an original spectrograph) . B-Absorption 
spectrum of pure carotin in alcohol or ethyl ether solution [constructed from figures 
given by Palmer (7)]. 
of 0.266 milligrams per gram of tissue. Expressed in per cent (0.0266), 
this figure for tissues, where the pigment is concentrated, is greater than 
that reported in the hemolymph of the Colorado potato beetle (0.0136 
per cent) by Palmer and Knight (8). 
Identification of water-soluble pigments was not accomplished. Fail-
ure of pigments extracted by hot water to become red (or purple) in acid 
solution, and lack of green or blue shades in neutral or alkaline solution 
indicate an absence of pigments of the anthocyanin group (2). Consider-
ing their possible origin, it may be that the water-soluble pigments of 
M. bivittatus are perhaps, in part, chlorophyll decomposition products, 
and partly certain members of the group known as the flavins. However, 
at present, nothing definite can be offered regarding their exact chemical 
nature. 
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No attempt was made to identify the brown and black pigments occur-
ring in the cuticula of these grasshoppers. However, it is likely that they 
belong to the group of melanins commonly occurring in insects as well 
as other animals. 
SUMMARY 
1. Color variations of the grasshopper, Melanoplus bivittatus Say, 
occurring under similar environmental conditions are described. Per-
centages of each color type as found in the field are: dark, 30.3 per cent; 
light, 42.0 per cent; and intermediates, 27.7 per cent. 
2. The color type of these adult grasshoppers is largely determined 
by the presence, or absence, of yellow pigment immediately beneath the 
cuticula. 
3. Procedures used in the extraction of various pigments, and in the 
identification of the principal yellow pigment, are described. 
4. Spectroscopic and chromatographic tests identified the main yel-
low pigment as carotin, with occasionally a trace of other pigment of a 
xanthophyll nature. It is often present in the body cavity of both color 
types of these grasshoppers, but is deposited directly beneath the cuticula 
in only the light phase forms. 
5. Quantitative determinations were made of carotin present in the 
grasshopper body by comparing the pigments with a 0.2 per cent potas-
sium dichromate solution in a Bausch and Lomb colorimeter. 
6. Carotin was present in a concentration of 0.0436 milligram per 
gram of body weight in the females; of 0.0397 milligrams per gram of body 
weight in the males (both determinations with the alimentary canal re-
moved); and of 0.266 milligram per gram of tissue in the reproductive 
organs and surrounding fatty materials. 
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The Rhopalidae constitute a more or less homogeneous group of bugs 
that are set apart from related Coreoidea by characters having to do with 
the repugnatorial glands and their openings. In general the species exhibit 
remarkable plasticity of structure and great variation in color for which 
reasons among others their taxonomy is in a somewhat chaotic state. As 
now understood the family is divisible into four groups of genera or tribes, 
namely Harmostini, Leptocorini, Myrmini, and Rhopalini. These may be 
separated by the following key adapted from Stal. 
KEY TO THE TRIBES OF RHOPALIDAE 
I. Hind femora prominently spinose within ...................... HARMOSTINI 
Hind femora unarmed or only inconspicuously armed .... .............. .... II 
II. Hemelytron with vein R joining vein M at or before the origin of 
M2 • Cell Mi roughly triangular. Lateral margin of pronotum 
interrupted by a distinct notch or constriction just back of 
collar ................... ... ... ............... .... ..... ........ ..... .... ..... ..... .... LEPTOCORINI 
Corium with vein R joining M distad to origin of M2• Cell Mi 
(inner apical cell) distinctly quadrangular. Lateral edge of 
pronotum continuous, straight or slightly sinuate, but not in-
cised before the calli .. .. ... ... .... .. .... ......... .. .......... .............................. .. .. .III 
III. Body narrow, elongate, the sides somewhat parallel. Head por-
rect. Antennal segment III longer than IV, I greatly surpassing 
apex of tylus .... ... .. .. ...... ............. .......... ...... .... .. ..... .... ......... .... MYRMINI 
Body not elongate, not parallel-sided. Head more or less de-
clivent. Antennal segment IV usually longer than III, if 
shorter than III then I not surpassing tip of tylus ...... RHOPALINI 
The tribe HARMOSTINI is composed of four genera, namely Har-
mostes Burmeister, Aufeius Stal, Xenogenus Berg, and lthamar Kirkaldy. 
The latter is Hawaiian, the others American in distribution. The tribe 
LEPTOCORINI is composed of the widely distributed genus Leptocoris 
Hahn and the American genus Jadera Stal. Two European genera, Myr-
mus Hahn and Chorosoma Schilling, comprise the tribe MYRMINI. 
The tribe RHOPALINI (Corizini of authors) is made up of a number 
of distinct and more or less easily recognized groups, which have, how-
ever, been rather generally ignored by American workers. Recently 
Torre-Bueno has directed attention to the validity of the groups as origi-
nally set apart by Stal. My own studies have convinced me of the worth 
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of Stal's groupings and I find that the genital characters are of the same 
general type within a group. The question of the rank of these groups is 
unsettled. Certain of them, for example Stictopleurus, Maccevethus, Cori-
zus, Rhopalus, and Liorhyssus, clearly are deserving of generic rank. 
Others I would tentatively assign generic rank until more material from 
various faunal zones can be had for study and comparison. Surely the prob-
lem of the generic relationships within the family ought to be approached 
from the viewpoint of the worldwide distribution of its included members. 
One of the first tasks will be to catalog the species and to sort those that 
stand in Corizus sens. lat. It is hoped that the following key and notes 
will have some worth as an aid in this. 
KEY TO GENERA OF RHOPALINI1 
I. Metastethial orifices well developed, placed low between inter-
mediate and posterior acetabula and giving rise to two short 
sulci the anterior of which sometimes is obsolete. Meta-
pleuron divided by a vertical furrow into definite anterior 
and posterior parts, these usually not evenly punctured, the 
hind margin oblique or concave (except in Peliochrous). 
Transverse furrow or cicatrices of pronotum never ending 
on each side in a loop inclosing a raised area .. .. ..... .. ... .... ..... ... . .IV 
Metastethial orifices obsolete and indistinct. Metapleuron not 
or only indistinctly divided into two parts coarsely and 
evenly punctate, its hind margin approximately perpendicu-
lar to the upper margin, the included angle broadly rounded. 
Pronotum with cicatrices usually ending on each side in a 
distinct loop in the center of which is a raised calloused 
island .... ..... .. ...... ........ ... ... ........... .... .......... .. ..... ..... ...... .... .. .... ..... .... ......... 11 
IL Antenniferous tubercules truncate at apex. Segment IV of 
antennae shorter than III. Body narrow, depressed .. ..... .... . 
...... .... ....... .. ... ... ... ..... ... ......... ......... ..... ...... ... .... ... .. . AGRAPHOPUS Stal 
Antenniferous tubercules angular or acute at apex. Antenna.I 
IV distinctly longer than III ... ..... ...... .... ..... .................... .. ... .. ..... .III 
III. Antennals II and III stout. Lateral edges of pronotum cal-
loused and smooth. Segment VI of abdomen of female above 
sinuately truncate at apex, not produced outward beyond 
apex of connexivum. Male clasper very broad and flat, its 
outer end rounded ...... .... ....... .... ... ...... .... ... . MACCEVETHUS Dallas 
Antennals II and III more slender. Side margins of pronotum 
:not calloused. Segment VI of abdomen of female roundly 
produced at apex above. Male claspers slender or strap-
like ....... ... .. .... ... .. ... ... ... ........ ........ ....... .... ....... STICTOPLEURUS Stal 
IV. Anteocular part of head rather strongly produced, antennal I 
not nearly attaining apex of tylus. Metapleuron subtruncate 
behind, the outer hind angle rounded, not produced back-
1 Corizomorpha Jak. (1883) is not included in the key. Camptonotus Jak. (1885) 
belongs to the Lygaeidae. 
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wards. Ocelli situated rather close to the eyes .. .. .... .... .. .... ..... . 
... ... ... ........ ..... .. ..... ..... ... ... .... .... ... .. .... ... .. .. .......... .... PELIOCHROUS Stal 
Anteocular part of head short or only moderately produced, 
antenna! I sub-attaining or distinctly surpassing apex of 
tylus. Metapleuron produced backwards at the upper or 
outer edge, its hind margin oblique or concave. Ocelli about 
half as far from the eyes as from each other .. .... .. ....... ... .. ...... ...... V 
V. Pronotum with collar narrow but distinct and sharply de-
limited, the part between collar and cicatrices forming a dis-
tinct ridge which is polished and impunctate ... .. ..... .. ... ....... .. ...... VI 
Pronotum anterior to cicatrices not smooth and polished, some-
times with a slight transverse ridge which, however, is al-
ways punctate on its front margi:\}; the collar not sharply 
delimited ...... .... ..... .... .. ..... ..... .... ....... .. .... ..... ... ... ... .. .. .... .. .. .. ...... .. ..... ... VII 
VI. Metapleuron with the anterior part not at all or only indis-
tinctly punctured. Clavus and corium opaque (except in 
C. limbatus Reuter and C. fenestella Horvath), punctate 
throughout. Color usually red and black. ... ... ... CORIZUS Fallen 
Metapleuron thickly, coarsely punctate on anterior part. 
Clavus and corium in greater part hyaline, punctate only 
along outer vein .. ...... ... ...... ..... .... .......... ........... .LIORHYSSUS Stal 
VII. Head quite short, scarcely more than half as long as broad. 
Bucculae high, of about equal height throughout, their 
posterior ends close to base of head .. ...... .... .. ..... .... ...... .. .. .... .. ... .. VIII 
Head longer, distinctly more than half as long as broad. Buc-
culae variable in height but usually more or less narrowed 
posteriorly, not closely approaching base of head .. ... .... ... ...... ... .. .IX 
VIII. Rostrum short, not or barely attaining metasternum. Anten-
niferous tubercules small and inconspicuous ... .. ......... ............. . 
........ ... .. ..... .... ... ... ............ .. ... ..... ... ........ ..... BRACHYCARENUS Fieber 
Rostrum attaining middle of metasternum. Antenniferous 
tubercules strongly produced into long, style-like pro-
cesses .. ... ..... ... ... ....... .... ....... ... ..... LIMACOCARENUS Kfritschenko 
IX. Frenum extending at least to apical third of scutellum, the 
lateral margin of the scutellum sinuate at that point ... ...... .... .. ... .. X 
Frenum extending only to or just slightly beyond middle of 
scutellum ..... ... ... .. ...... ..... ...... .. .... .... ...... .......... ........ .. .. .. ...... .. ...... .. .. ... . XI 
X . Scutellum with apical part gradually narrowed, almost paral-
lel-sided, the tip truncate, emarginate or bifid. Outer apical 
cell of corium entirely hyaline: ........ ... ........ RHOPALUS Schilling 
Scutellum with apical part more sharply narrowed, the tip 
subacute. Outer apical cell (Sc) of corium in part cori-
aceous and punctate .. .. ....... .. ... .. ...... ..... ... .. AESCHYNTELUS Stal 
XI. Rostrum extending 'on or beyond second segment of venter. 
Femora annulose ... .. ... .... .. .......... ... .... .... .... .. .. . NIESTHREA Spinola 
Rostrum not or rarely reaching behind metasternum. Femora 
sometimes speckled but not clearly annulose .... ARHYSSUS Stal 
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Corizus Fallen 
1814 Corizus Fallen, Spec. Nova Hemip. Disp., p. 8. 
1835 Corizus Brulle, Hist. des Ins., Hemip., p. 116. 
1840 Corizus Westwood, Intro. Mod. Classif. Ins., 1, Synop. p. 123. 
1843 Therapha Amyot et Serville, Hist. Nat. des Ins., Hemip., p. 244. 
1885 Corinzus Reuter, Berl, Ent. Zeit., 29: 42. 
1888 Corizus Reuter, Acta Soc. Sci. Fen., 15: 270, 759. 
1909 Consivius Distant, Ann. Mag. Nat. Hist. , (8) 3. 
1917 Corizus Horvath, Ann. Mus. Nat. Hung., 15: 166, 379. 
Fallen established Corizus for a portion of the species treated under 
Coreus in his earlier Monographia Cimicum Sueciae and specifically 
stated that it was divisible into two sections. To the first he referred 
crassicornis (L.), capitatus (Fabr.), pratensis Fallen, and miriformis 
Fallen. To the second division he referred the single species, hyoscyami 
(L.} . Reuter thought that in thus setting hyoscyami apart from the other 
species Fallen recognized it as the typical species (cf. Revisio, p . 270). 
Other workers (e.g., Distant and Oshanin} considered other species as 
type of the genus and some controversy arose which was settled only by 
the discovery that Brulle, in 1835, had designated hyoscyami as type 
species. The problem was of considerable interest inasmuch as the 
generic name to be applied to the common species in Europe and also in 
America as well as the name of the family hinged upon its solution. 
Therapha was erected for two species, T. cinerea A. and S. and T. 
hyoscyami (L.). When the former was referred to Jadera, the latter 
therefore became the only included species and thus type of Therapha 
which then is an absolute synonym of Corizus Fallen. 
Consivius Distant was erected for a single species, collinus Distant, 
which is congeneric with Corizus hyoscyami (L.} and according to Hor-
vath only a variety of that species. 
Seventeen species and varieties are now referred to Corizus. The 
genus does not occur in the Wes tern Hemisphere. 
Rhopalus Schilling 
1827 Rhopalus Schilling, Uebers. Arb. Ver. Schleis. Ges. V. Cultur, p. 22. 
1829 Rhopalus Schilling, Beitr. Zur. Ent., 1: 36, 50. 
1840 Rhopalus Westwood, Intr. Mod. Classif., Ins., 2, Synop., p. 123. 
1843 Rhopalus Amyot and Serville, Hist. Nat. Ins., Hemip., p. 245. 
1885 Rhopalus Reuter, Berl. Ent. Zeit., 29: 42. 
1888 Rhopalus Reuter, Acta Soc. Sci. Fenn., 15: 270, 767. 
1917 Rhopalus Horvath, Ann. Mus. Nat. Hung., 15: 380. 
Rhopalus has usually been dated from 1829 but actually was vali-
dated in 1827 in the work cited above where, in the general report on the 
hemiptera is stated, "Herr Schilling theilte de Beischreibung der in 
Schlesien ein heimischen Arten aus der Gattung Coreus mit, worunter 
vier neue Arten sich befanden, C. marginellus, spinifrons, laticornis, und 
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granulatus. Aus Coreus crassicornis, capitatus, und ihrlichen, wurde eine 
neue Gattung, Rhopalus, gebildet ---."In his Hemiptera Heteroptera 
Silesiae, 1829, Schilling characterized Rhopalus and included in it his 
third group of "coreides", i.e., those with branching nervures in the mem-
brane, triangular head, antenniferous tubercule inserted before the 
eyes, and diaphanous hemelytra with stout veins and a quadrate inner 
distal cell. To illustrate the character of the hemelytra he made refer-
ence to his Table II, Figure 4 (which is a figure of R. tigrinus Schill.) . 
On p. 50 Schilling further characterized the genus by. describing the geni-
tal segments, following which he treated 7 species. These were R. crassi-
cornis Fabr. (which is figured), R. capitatus (Fabr.), R. rufus Schill. (as 
new species for Coreus capitatus Panzer nee Fabr.), R. parumpunctatus 
Schill. (as new species for Coreus magnicornis Fall. nee L.), R. tigrinus 
Schill., R. miriformis Schill., and R. schillingi (Schm.) Schill. These 
last two named species are set apart from the others by their elongate 
body. No species is designated as type. 
In 1840 Westwood designated capitatus Wolff as type of Rhopalus 
(note: Schilling cited Lygaeus capitatus Wolff in synonymy with Coreus 
capitatus Fabr.). Amyot and Serville dealt with qnly one species (capi-
tatus), but I think in no sense can it be said that they designated a geno-
type for Rhopalus, although some workers seem to think that they did. 
Reuter (1885 and 1888) was emphatically of the opinion that Schilling 
established tigrinus as type of Rhopalus when in the generic character-
ization Schilling referred to his Table II, Figure 1. Oshanin followed 
Reuter in this assumption, but it appears to me that Schilling was only 
clarifying, through illustration, his comments on the nature of the 
hemelytron. This most certainly was the case when earlier on the same 
page he said of his first group of the coreides, "Membrana nervis ramosis 
(Table II, Fig. 2) ." Reuter was therefore in error, I think, in inter-
preting this as indicating a genotype. In any case Reuter was not aware 
of the 1827 use of Rhopalus, and if the genus were validated at that time, 
as I consider that it was, then tigrinus is not available for consideration 
as type since it was not one of the 1827 included species. Therefore, W~st­
wood's designation of capitatus Wolff, 1802 (capitatus Fabr., 1775; = sub-
rufus Gmelin, 1788) , is the first valid designation of a genotype for 
Rhopalus Schilling. 
In the sense here used, Rhopalus consists of a number of species 
grouped around subrufus (Gmelin), conspersus (Fieber) , rufus Schill., 
parumpunctatus Schill., and lividus (Ribaut) . 
Genus Niesthrea Spinola 
1811 Coryna Wolff, Icon. Cimic., 5: p. iv. 
1837 Niesthrea Spinola, Essai sur les Hemip., p. 245. 
1870 Niesthrea Stal, Kongl. Sv. Vet.-Akad. Handl., 9: 223. 
1908 Niesthrea Baker, Can. Ent., 40: 243. 
1941 Niesthrea Torre-Bueno, Ann. Ent. Soc. Amer., 34: 286. 
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Elsewhere I have shown that Coryna Wolff (haplotype, Lygaeus 
sidae Fabr.), is unavailable for use. It therefore is replaced by Niesthrea 
Spinola, haplotype Coreus sidae (Fabr.). The group appears to be 
strictly American. 
Genus Maccevethus Dallas 
1852 Maccevethus Dallas, List. Hemip. Br. Mus., 2: 520, 524. 
1872 Maccevethus Stal, Ofv. Kongl. Vet.-Akad. Forh., 29: 55. 
1912 Maccevethus Oshanin, Kat. Pal. Hemip., p. 26. 
1917 Maccevethus Horvath, Ann. Mus. Nat. Hung., 15: 380. 
The name Maccevethus was used by Amyot in 1846, but in a mono-
nomial sense, and was taken over by Dallas when he created this genus 
for Lygaeus errans Fabr., 1794. Ten names have been used in the genus, 
but six of these, including errans, are now considered as synonyms or at 
most only varieties of the older M. lineola (Fabr.). Structurally the 
group is close to Stictopleurus Stal. In lineola the male claspers are broad 
and flat. Haplotype, Lygaeus errans Fabr., 1794 (= Cimex lineola Fabr., 
1787) . 
Brachycarenus Fieber 
1861 Brachycairenus Fieber, Europ. Hemip., p . 60, 236. 
This group name was established as a genus for the haplotype, 
Rhopalus tigrinus Schill., and was later placed in synonymy by Reuter 
who erroneously held that tigrinus was the genotype of Rhopalus. In 
addition to tigrinus, languidus Horvath belongs to the genus. 
Genus Liorhyssus Stal 
1870 Liorhyssus Stal, Enum. Hemip., 1: 222. 
1872 Liorhyssus Stal, Ofv. Vet.-Akad. Forh., 29: 55. 
1870 Colobatus Mulsant and Rey, Hist. Punaise de Fr., 3: 137. 
1873 Liorhyssus Stal, Kongl. Sv. Vet.-Akad. Handl., 11: 97. 
1908 Liorhyssus Baker, Can. Ent., 40: 243. 
1912 Liorhyssus Oshanin,, Kat. Palae. Hemip. , p . 25. 
1941 Liorhyssus Torre-Bueno, Ann. Ent. Soc. Amer. 34: 286. 
Stal created Liorhyssus in 1870 as a subgenus of Corizus Fallen and 
referred 7 species to it. Two years later he accredited generic rank to 
the group and cited Colobatus M. and R. in synonymy. Oshanin (1912) 
made hyalinus (Fabr.) type. At least 28 names are referrable to Liorhys-
sus but these are mostly synonyms and only color varieties of the almost 
cosmopolitan L. hyalinus Fabr. The name is derived from the Greek and 
is descriptive of one of the main recognition features, i.e., the smooth 
ridge across the front of the pronotum. 
Arhyssus Stal 
1870 Arhyssus Stal, Kongl. Sv. Vet.-Akad. Handl. , 9: 223. 
1908 Arhyssus Baker, Can. Ent., 40: 244. 
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1917 Arhyssus Van Duzee, Cat. Hemip., p. 124. 
1941 Arhyssus Torre-Bueno, Ann. Ent. Soc. Amer., 34: 286. 
The group name Arhyssus was created by Stal for three American 
species, Rhopalus punctiventris Dallas~ Corizus bohemani Signoret, and 
Rhopalus scutatus Stal. The first is a true Stictopleurus and there is no 
basis for Baker's statement that Stal made it type of Arhyssus except 
that it was the first species in Stal's list. Van Duzee named bohemanii 
logotype. The species apparently are confined to the Western Hemisphere. 
Aeschyntelus Stal 
1872 Aeschyntelus Stal, Ofv. Kongl. Vet.-Akad. Forh., 29: 55. 
1888 Aeschynteles Reuter, Acta Soc. Sci. Fenn., 15: 757. 
Aeschyntelus was established as a subgenus of Rhopalus, for the two 
species, maculatus Fieber and parumpunctatus Schill. Reuter designated 
maculatus type. It appears to me that parumpunctatus is sufficiently dif-
ferent from maculatus and sufficiently close to Rhopalus subrufus 
(Gmelin) and R. rufus Schill. to warrant being included in Rhopalus. I 
should redefine Aeschyntelus to include those species having triangular 
tip of scutellum and having the coriaceous part of the hemelytra encroach-
ing inward beyond the Sc vein so that the outer apical cell is coriaceous 
and colored in part. These species also have fine clothing hairs, those on 
the tibia being long and pale. In addition to A. maculatus (Fieber), A. 
latus (Jak.) belongs here, also A. angularis Reuter and A. reuteri L . and 
S . and undoubtedly some of the other described species that are still un-
known to me. 
Genus Stictopleurus Stal 
1872 Stictopleurus Stal, Ofv. V et.-Akad. Forh., 29: 55. 
1873 Stictopleurus Stal, Kongl. Sv. Vet.-Akad. Handl., 11: 98. 
1908 Corizus Baker, Can. Ent., 40: 242. 
1912 Stictopleurus Oshanin, Kat. Palae. Hemip., p. 25. 
1917 Stictopleurus Horvath, Ann. Mus. Nat. Hung., 15: 380. 
1941 Stictopleurus Torre-Bueno, Ann. Ent. Soc. Amer., 34: 285. 
Stal erected Stictopleurus for crassicornis (L.) and abutilon Rossi 
and in a footnote mentioned scutellaris Dallas. Oshanin designated crassi-
cornis type of the genus. Ribaut's excellent work demonstrated the worth 
of the genital characters in distinguishing the species, and China has given 
a key to the Western European forms. In attempting to catalogue the 
species I have tentatively referred 45 names to Stictopleurus. Many of 
these were established in Corizus or Rhopalus, and the synonymy is not 
worked out. The common American species which has gone under the 
name crassicornis (L.) is quite distinct from that European species. For 
this American species the name punctiventris (Dallas) is available. Logo-
type: Cimex crassicornis L. 
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Genus Agraphopus Stal 
1872 Agraphopus Stal, Ofv. Kongl. Vet.-Akad. Forh. , 29: 56. 
1874 Leptoceraea Jakovlev, Trudy Ent. Ross. , 7: 38. 
1894 Agraphopus Lethierry and Severin, Cat. Gen. Hemip. , 2: 121. 
1912 Agraphopus Oshanin, Kat. Palae. Hemip., p. 26. 
1917 Agraphopus Horvath, Ann. Mus. Nat. Hung., 15: 380. 
This genus was created for Agraphopus lethierryi Stal which is thus 
the haplotype. Leptoceraea Jakovlev, type viridis Jak., is a synonym. 
Twenty-two species and subspecies are recorded from Europe, Russia, 
Asia, Africa, Madagascar, and S . India. 
Peliochrous Stal 
1873 Peliochrous Stal, Kongl. Sv. Vet.-Akad. Handl., 11: 97. 
This group name was created by Stal for the haplotype, P. nigromacu-
latus (Stal) , from Africa. It is said to be distinct generically by reason 
of the long head, the widely separated ocelli which are close to the eyes, 
the absence of a smooth ridge across front of pronotum, and the char-
acters of the metapleuron and genital segments. 
Corizomorpha Jakovlev 
1882 Corizomorpha Jakovlev, Bull. Soc. Nat. Moscow, 57 (2): (3) 107. 
1912 Corizomorpha Oshanin, Kat. Palae. Hemip. , p. 25. 
This genus was established for the haplotype, C. janowskyi Jak. It 
is said to be distinct by virtue of the long, flattened form, the head and 
scutellum being longer than broad, and by the characters of the legs, 
antennae, pronotum, and abdomen. 
Limacocarenus Kiritshenko 
1914 Limacocarenus Kiritshenko, Revue Russe d'Ent., 13: 402 (1913). 
1914 Scolopocranium Horvath, Ann. Mus. Nat. Hungarici, 12: 659. 
This genus was erected for a single new species, curtulus Kiritshenko, 
from Turkestan and is unknown to me. It is reported to differ from re-
lated genera in its short and broad head, high, long bucculae, greatly pro-
duced antenniferous tubercules, and in the characters of the metapleuron, 
eyes, and rostrum. It would be very interesting to examine specimens of 
the haplotype since the American species Arhyssus tuberculatus (Hamble-
ton) has greatly produced antenniferous tuberbules. Scolopocranium 
Horvath was proposed as a name to replace Limacocarenus but must 
stand as a synonym of Kiritshenko's genus. 
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Observations on the host preferences and seasonal abundance of the 
rabbit tick, Haemaphysalis leporis-palustris, were made by the authors 
during the summer and fall of 1941. This paper deals specifically with 
such findings. Since 20.8 per cent of all ticks collected during the course 
of the studies were the rabbit tick, that species proved to be second in 
abundance to the dog tick. The data concerning the rabbit tick was 
obtained during an intensive field study and survey of ticks on the Tama 
Indian Reservation, Tama, Iowa. Information relative to the host prefer-
ences and seasonal biology of the dog tick, Dermacentor variabilis, and 
a list of the ticks of Iowa will appear in other papers. A preliminary 
report of the tick studies was made by the authors in July, 1941 (Eddy 
and Joyce). 
Due to the importance of rabbit ticks as vector of diseases of man 
and other animals it was thought advisable to gather more information 
concerning this species in Iowa. Parker (1923) has shown that this tick 
may be naturally infected with Rocky Mountain spotted fever in Mon-
tana and that, experimentally, the disease can be readily transmitted from 
one rabbit to another. Parker, Spencer, and Francis (1924) have shown 
that this tick transmits tularemia and is probably an important factor in 
maintaining the reservoir of tularemia and spotted fever in rabbits and 
other small rodents. 
Dr. Carl F. Jordan, State epidemiologist of Iowa, has reported 342 
human cases of tularemia in Iowa in the period from 1930 to 1939. From 
1933 to 1940, 85 cases of spotted fever were reported. Since the rabbit 
tick does not readily attach itself to man it cannot be considered an 
important vector for human cases of these diseases. H. leporis-palustris 
is thought to be of importance, however, in keeping these diseases alive 
in nature. During the spring and early summer large numbers of both 
the rabbit tick and the common dog tick were found on the same cotton-
tails. The latter species has been shown to be a carrier of tularemia and 
spotted fever to man. Tularemia is thought to be the most common epi-
'Journal Paper No. J-1011 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 570. 
' The writers desire especially to express their appreciation . to Dr. Walter L. 
Bierring and Dr. Carl F . Jordan of the Iowa State Department of Health for valuable 
suggestions and criticism, and for financial support. We are also indebted to Dr. E. R. 
Becker and Dr. C. J. Drake of Iowa State College for guidance and help in the 
investigation. 
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TABLE 1 
COLLECTIONS OF THE IMMATURE FORMS OF THE RABBIT TICK FROM BIRDS IN THE TAMA VICINITY 
~ 
0 
~ 
HosT 
No. No. No. No. 
Common Name Scientific EXAMINED Pos1nvE NYMP HS LARVAE 
1957 
128 
30 
92 
41 
27 !'1 53 
27 ;:ci 
15 c.; 
24 23 154 
14 14 2 
12 8 4 
11 7 11 
7 6 1 
10 6 3 
5 5 6 
9 5 4 
9 4 6 
Brown thrasher . .... . . ... .... ... . 
Wren .... . . . . . ... .. .. .. .. . . . . . . 
Blue jay .. .... .. . . .. ... . ..... .. . 
American robin .... . ..... . . . . .. . . 
*Indigo bunting ..... .. .. . ....... . 
Catbird ...... .. ... .. . ... .. . ... . 
Red-eyed towhee ........ . ..... . . 
*Rose-breasted grosbeak . .... . ... . . 
Cardinal. . ..... ...... . ...... . . . . 
Toxostoma rufum . . ... . .. . ... •. .. . .. . 
Troglodytes aedon ....... . . .. . .. ... . . 
Cyanocitta cristata eris . ..... . . . ..... . . 
Turdus migratorius migr ..... . . . . . ... . . 
Passerina cyanea ....... ... .. . . . . . .. . 
Dumetella carolinensis . ...... . . . .. .. . . 
Pipilo erythrophthalmus ery .. ..... . .... . 
Hedymeles ludovicianus . . . ....... . ... . . 
Richmondena cardinalis car . . . . ... . . .. . • 
46 0 
->< 27 (') 
44 l".I 
3 ~ 0 0 
6 p 
2 ~ 0 
8 l".I 
2 0 
2 ~ 
3 3 1 
3 3 2 
7 2 2 
5 2 1 
27 2 4 
7 2 1 
4 2 0 
3 1 14 
2 1 0 
1 1 0 
1 1 0 
Ovenbird . .. ... . . ... .. .. . . ... .. . 
Olive-back thrush .. . .. . ... .. . ... . 
Junco ................. . ...... . . 
*Grasshopper sparrow ... .. .... .. . . 
*Domestic chicken . . . .... . . . .. . . . . 
*Flicker ........................ . 
*Bluebird . . ..... . ... . .......... . . 
Quail ..... . .. . ... ... .. . ....... . 
Pheasant . .. .. .. . ... . .. . . .. .... . 
American redstart . . . .. .... ...... . 
Tufted titmouse .... . ... . ...... . . 
Seiurus aurocapillus . .. . ..... .. . .. . .. . 
Hylocichla ustulata swainsoni . . ... .. .. . . 
]unco hyemalis hye .. .. . ...... . ... .. . . 
Ammodramus savannarum bimaculatus . .. . 
Gallus gallus . .. .. . . .. .. . .. . .... . . . . 
Colaptes auratus . ..... . ..... . ....... . 
Sialia sialis sialis . . .... . ..... . .. .. . . 
Colinus virginianus vir .. .... . ..... . .. . 
Phasianus colchicus torquatus . . ... .. . . . . 
Setophaga ruticilla . .......... .. . ..• .. 
Baeolophus bicolor ........ . ...... . .. . 
3 
11 
5 1 0 
10 1 0 
Field sparrow . .... . . . . . ........ . 
*Black-capped chickadee ........ . . . 
Spizella pusilla pus .. .......... . .. .. . . 
Penthestes atricapillus atri .. . . . . •.. . . . . . 
16 
9 
0 
1 
8 1 0 
1 1 1 
2 1 1 
1 1 0 
Fcx sparrow . . . .. .. . . . ......... . 
*Hairy woodpecker .. . ... . . ... ... . . 
American crow . . .. . . .. . ...... . . . 
*Dickcissel. . .... . . . . .. . . ... .. . .. . 
Passerella iliaca iliaca . . .... . . .. .. . . . . 
Dryobates villosus vill . . . .. ...... .. ... . 
Corvus brachyrhynchos brae . . . . . . . .. . . . . 
Spiza americana . . .... .. . .... . . ... . . . 
1 
1 
1 
2 1 0 
5 1 0 
9 1 0 
*Black-billed cuckoo ... .... . ...... . 
*Eastern kingbird ...... . ......... . 
American goldfinch ........ .. ... . 
Coccyzus erythrophthalmus ..... . .... . . . 
T yrannus tyrannus . .. . ........ . .... . . 
Spinus tristis tristis . ......... .. . . ... . 
Totals .......... . ... . ...... . ... . 207 107 218 2553 
* Denotes new host records 
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demic disease in rodents and birds. In addition to the possibility of disease 
transmission the rabbit tick is a pest due to its blood-sucking habit which 
greatly irritates the animals infested. Often many thousand ticks are 
found on a single animal. Banks (1915) reported that quail and meadow-
larks are sometimes killed by the rabbit tick. 
HOSTS 
The chief hosts of H. leporis-palustris are the various species of rab-
bits and hares. The tick may rarely be found attached to other species of 
mammals. It seldom attaches to man. Other hosts mentioned in the liter-
ature are the following: horse, cat, dasyure, pine squirrel, skunk, ground 
hog, and chipmunk. Birds play a very important role as host for the im-
mature forms of the rabbit tick. This fact may to a great extent explain the 
widespread distribution and dissemination of this tick. The tick has been 
recorded many times from meadowlarks, robins, quail, and numerous 
other ground-feeding birds. Peters (1936) records its collection from a 
list of 46 species of birds, in connection with his bird banding studies. 
The accompanying list (Table 1) of collections of H. leporis-palustris 
represents the bird hosts of this tick on the Tama Indian Reservation. 
Those marked with an asterisk are apparently new host records. Two 
hundred sixty-six individual birds comprising 56 species were examined 
during the course of the studies. The 29 species listed in the table are 
only those from which ticks were removed. Many birds of some of the 
other species were examined, but no ticks were found upon them. The 
bird families of most importance as hosts for the rabbit tick, as evidenced 
by the number of ticks obtained, are as follows: Mimidae or thrasher 
family, Fringillidae or sparrow family, Turdidae or thrush family, and 
Troglodytidae or wren family. Ten of the species listed belong to the 
Fringillidae or sparrow family. From the list one can see that most of the 
bird species that serve as host for the rabbit tick are ground-feeding. 
They naturally have more of a chance of picking up the tick. It is inter-
esting to note that all 2,772 (including the one adult mentioned later) of 
the ticks taken from birds were of the one species. The dog tick was 
evidently more abundant in the area, but the immature stages of that tick 
do not seem to commonly attach themselves to birds. Peters (1936), 
however, does give four records of the dog tick from birds. 
The brown thrasher appears to be the one most important bird host 
of the rabbit tick. Two thousand one hundred eleven ticks were removed 
from 24 brown thrashers. From one bird, obtained on July 19, 495 ticks 
were removed. The following table is a summary of the collections from 
the brown thrasher. 
The Indian Reservation is comprised mostly of rather rough terrain 
along the Iowa River. A large part of the land is timber or brush land. 
There are also several weedy areas and a small portion is in farm crops. 
The area thus- makes a very good habitat for birds. Many species were 
present in this area. In some other localities other bird species will pos-
sibly be found to harbor the rabbit tick. In more grassy areas and on land 
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TABLE 2 
H. leporis-palustris FROM BROWN THRASHER 
No. Birds Ave. Nymphs Ave. Larvae Per Cent 
Month Examined Per Bird Per Bird Infested 
April . . ... ... .. . .. 2 2.00 3.00 100 
June ...... ... .. .. 1 0.00 0 .00 0 
July . ...... .. . . .. . 7 14.14 105.71 100 
Aug .. .... ... .. . . . 4 3.00 125 .50 100 
Sept .. ....... . . . . . 10 3.90 70.90 100 
Total Ave. Mean . . . 24 6 .41 81. 54 95 .8 
where more farming is done, the meadowlark, quail, pheasant, and other 
ground-feeding birds may be of more importance in the life history of 
the tick. 
The Mearns cottontail is the normal host of H. leporis-palustris in 
this locality. The tick very rarely attaches itself to other mammals. Such 
records are thus considered "accidental." A very large number of ani-
mals were examined in the studies on the dog tick, but the records listed 
below are the only occurrences of the rabbit tick on these animals. 
TABLE 3 
IMMATURE FORMS OF H. leporis-palustris FROM MAMMALS 
I 
Common Name I Scientific Name No. Positive Nymphs Larvae 
Cottontail. . . . ... . Sylvilagus jloridans mearnsi 56 610 861 
Ground hog ..... . M armota monax 1 0 10 
House cat. . .. .... Felis domestica 1 0 2 
*Dog . . ....... . .. . Canis familiaris 1 0 1 
*Opossum ... . .... Didelphis virgiana virgiana 1 0 1 
Totals .. .. . . ..... . . . . . . . . . . . . . . . . . . . . . . . . 60 610 875 
* Denotes new host records. 
The cottontail rabbit seems to be almost the sole host for the adult 
stages of the rabbit tick although one male specimen was taken from a 
robin in July. Possibly adults would have been taken from other birds 
if more had been examined earlier in the spring when adults were more 
abundant. Two hundred twenty-two male and 78 female adult speci-
mens were taken from the cottontail. 
SEASONAL STUDIES 
Since the population of cottontails on the reservation was low and 
the cover on the area was dense, it was hard to collect enough rabbits to 
furnish an accurate gauge of the degree of tick infestation. A few rabbits 
were shot each month, however, and the data summarized in the accom-
panying table (Table 4). The collections in the Tama vicinity were made 
from April 16, 1941, to December 23, 1941. A total of 56 rabbits were 
taken during the period. From these rabbits 1,771 rabbit ticks were re-
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moved. The ticks are nearly all found attached around the head, neck, 
and ears of the animal. The animals were shot in the field, placed in a 
paper bag, and taken in to the laboratory for examination. When the ani-
mal becomes cold the ticks detach and crawl away. 
Cooley (1932) states that the rabbit tick is not a winter feeding species 
in the northern states and that the species hibernates between active 
seasons. Green, Bell, and Evans (1938) report that in Minnesota the 
rabbit tick emerges from hibernation during the first part of April and 
continues to be active through the month of November. They show August 
and September to be the period of peak abundance. In the South it has 
been reported by Hooker, Bishop, and Wood (1912) that all stages are 
active throughout all seasons of the year. There is, however, a decrease 
in abundance during the winter months. In Oklahoma, Eddy (1940) re-
ports that the larvae and nymphs are active during all months of the year. 
He reports no males in December and no females in November. 
The collections by the authors on the Tama Indian Reservation show 
that the• adults are active throughout the spring and summer. April and 
May are the high months for the adults. The numbers then gradually 
dwindle down to a very few in August and only one. male specimen in 
September. The larvae and nymphs were much more abundant through-
out the year up to the month of December. No rabbit ticks of any stage 
appeared to be active during the month of December. June, July, and 
August were the months of greatest abundance for the immature forms. 
The data obtained, however, were insufficient to show quantitative accu-
racy. The accompanying table and graph (Table 4 and Fig. 1) summarize 
the nine months' collecting of H. leporis-palustris from the cottontail. 
Later collections by the authors at Ames, Iowa, in the spring of 1942 
show that all stages of the rabbit tick become active during the last week 
of March or the fore part of April. March 24 was the earliest date on 
which ticks were removed from a cottontail. 
TABLE 4 
RECORD OF NINE MONTHS' COLLECTION OF THE RABBIT TICK, Haemaphysalis leporis-palustris, 
FROM THE MEARNS COTTONTAIL AT TAMA, IOWA 
Ave. Ave. Ave. Ave. 
No. Males Females Nymph Larvae Total 
Month Rabbits Per Rabbit Per Rabbit Per Rabbit Per Rabbit Ave. 
April. ...... . . 13 8 .46 2 .23 11 .23 1. 77 23 .69 
May .... . . . . . . 10 7.80 3.60 11.40 1 .30 24.10 
June ..... .... . 5 3 .60 1.80 15.20 3.00 23 .60 
July .......... 4 3 .00 .75 4 .25 12.25 20.25 
Aug . ...... . .. 5 .60 .20 16 .60 105 .40 122.80 
Sept .... . .. . . . 5 .20 .00 7 .20 41.40 48 .80 
Oct . .......... 2 .00 .00 64.50 11.50 76.00 
Nov . ..... . .. . 6 .00 .00 1. so . 66 2.16 
Dec . .. .. ..... . 6 .00 .00 .00 .00 .00 
Total 
Ave. M ean .. 56 3.96 1.39 10 .89 15 .38 31.62 
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PARASITES 
Due to the important role of ticks as vectors in several diseases there 
has been considerable interest in the discovery of parasites as means of 
control. Only two parasites of ticks are known. These are minute Chal-
cidoids belonging to the family Encyrtidae. They are Ixodiphagus texanus 
and Hunterellus hookeri, which were described by Howard in 1907 and 
1908, respectively. 
During the summer a special search was made for any parasite which 
might be found infesting the various species of ticks in the collections 
made on the reservation. The engorged females , nymphs, and many of the 
engorged larvae wer-e placed in vials, stoppered with cotton, and set in a 
moist chamber for molting or for the possible emergence of parasites. 
The authors report the isolation of Ixodiphagus texanus from the 
rabbit tick. On April 24, 1941, a fully engorged nymph of H. leporis-
palustris was taken from a brown thrasher and set aside for further de-
velopment. Some time later 14 specimens of the hymenopterous parasite 
emerged from an opening near the posterior end of the nymph. These 
were identified as Ixodiphagus texanus Howard. This is apparently the 
first record of a tick parasite from Iowa. Only a few isolations have been 
made throughout the United States. Bishopp (1934) records it from 
nymphs of H . leporis-palustris from a chapparral cock at Reagan Wells, 
Texas. Cooley (1934) reports its natural occurrence in nymphs of Ixodes 
hexagonus var. cookei on a woodchuck in Mayfield, Idaho. Larson (1937) , 
and Larson and Green (1938) show the parasite to be widely distributed 
in Minnesota. They found that only 5. 7 per cent of the tick nymphs and 
larvae were parasitized. The parasite was not considered of very great 
significance in the control of ticks in the area in which they conducted 
their studies. 
SUMMARY 
In studies made on the Tama, Iowa, Indian Reservation from April 
16 to December 23, 1941, the rabbit tick, Haemaphysalis leporis-palustris 
was found to be second in abundance to the dog tick, Dermacentor varia-
bilis. Twenty and eight-tenths per cent of all ticks collected were the 
rabbit tick. Many of the common ground-feeding birds were found to be 
very important as hosts for the immature forms of this tick. Twenty-nine 
bird species from which ticks were removed are listed. Of these, 11 are 
apparently new host records. A table, showing the seasonal trend, is 
given of 9 months' collection of the rabbit tick from the Mearns cottontail 
taken from the Tama vicinity. The isolation of the tick parasite, Ixodi-
phagus texanus, is also reported from a nymph of H. lepoiris-palustris at 
Tama, Iowa. 
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THE RESPONSE OF SOME FIELD CROPS ON SOIL TREATED 
WITH CHLORPICRIN1 
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Received May 19, 1942 
The soil-inhabiting plant pathogens Pythium debaryanum Hesse and 
P. graminicola Suhr. are widely distributed and destructive root parasites 
in Iowa soils. These pathogens frequently destroy the seeds, kill the 
seedlings, or severely injure the roots of older plants. The direct control 
of these pythiaceous parasites requires some soil treatment that will de-
stroy the pathogens. Chlorpicrin recently has shown some value as a soil 
fumigant for several soil-inhabiting pathogens, such as Plasmodiophora 
brassica Wor., Rhizoctonia solani Kuhn, Sclerotium rolfsii Sacc., Verti-
cillium alboatrum McA., Armillaria mellea (Vahl.) Quel., etc., which 
occur on eggplants, peppers, tomatoes, onions, rutabagas, carrots, and 
others. No study has been made, however, of its value in combatting 
pythiaceous parasites that attack the cereal and forage crops grown in 
the Upper Mississippi Valley. It is the purpose of this paper to present 
the results obtained with oats, barley, wheat, flax, sugar beets, alfalfa, 
rye, and cowpeas grown on Pythium-infested soils and upon similar soils 
that had been treated with chlorpicrin. 
PERTINENT LITERATURE 
The value of chlorpicrin as a soil fumigant has not been studied very 
extensively. As a result, its role in the soil is not well understood. 
Cooke (2) believed the action of chlorpicrin to be biological rather 
than chemical and ran the following tests to ascertain this fact: pH test, 
citric soluble P 20 5 and K 20 test, Hance-Agee test for phosphate fixation, 
Morgan's active aluminum test, Morgan's N03/ N test, Morgan's ammonia-
nitrogen test, and Bouyoucos' hydrometer test for percentage colloids. In 
none of these tests was there a noticeable change caused by the action 
of chlorpicrin. Cooke also found that soils high in phosphorus content 
showed practically no improvement from treatment with chlorpicrin, that 
respiration tests showed that more C02 was given off by the nontreated 
soil than by the treated soil, and that high application of P20 5 gave as good 
yields of sugar cane as did chlorpicrin treatment when used as a control 
for Pythium aphanidermatum (Eds.) Fitzp. 
Stark (8) reported that chlorpicrin increased seedling stands, left no 
residue, and had a stimulatory effect on plants. Howard (5) confirmed 
Cooke, stating that increase in plant development was not due to added 
nutrients but primarily to overcoming soil-harbored microorganisms. He 
1 Journal Paper No. J-1015 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 432. 
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maintained that chlorpicrin was volatile and left the soil, and still further, 
that the nitrogen in chlorpicrin is in an unavailable form and is supplied 
in too small amounts to account for the striking increases in growth. Sup-
plementary weekly determinations of the N03/ N (nitrate nitrogen) ratio 
in chlorpicrin-treated soil showed it to contain from 10 ppm. to 30 ppm. 
of N03/ N less than the nontreated soil, which contained 30 to 40 ppm. 
He found that tomato plants would grow in treated soil low in nitrates 3 
to 4 times as well as in nontreated soil. 
In a later study Stark et al. (10) found that traces of chlorpicrin in 
the soil solution were detrimental rather than stimulative to plant growth. 
These same authors (9) reported that low dosages of chlorpicrin had 
little effect on nitrate formation but that as the dosage was increased nitri-
fication was inhibited, that the total amount of nitrogen made available 
for plant growth was not materially increased except where high dosages 
of chlorpicrin were used, and that in no case tried was ammonification 
inhibited. 
Chlorpicrin has been shown to have a strong lethal effect on several 
pathogens. Godfrey (4) found that 11/4 cc. of chlorpicrin in a 4-gallon jar 
of soil (400 lbs. chlorpicrin per A.), sealed with glue-coated paper de-
stroyed Fusarium sp. isolated from gladiolus, V erticillium alboatrum from 
strawberry, Phytophthora cactorum (L. and C.) Schrot. from snapdragons, 
Rhizoctonia solani and Sclerotium rolfsii from sugar beets, Armillaria 
mellea from prune roots, and Dematophora sp. from apple roots. Godfrey 
found that, although the Phytophthora cactorum culture listed above was 
killed, contaminating bacteria in the culture were not killed. Newton 
et al. (7) conducted preliminary tests which showed that a concentration 
of 1: 195,000 destroyed the vegetative stages of Fusarium conglutinans 
var. callistephi Beach, F. bulbigenum Cke. and Mass., F. graminearum 
Schwabe, F. culmorum Smith, Botrytis tulipae (Lib.) Hopk., Sclerotium 
delphinii Welch, and Phomopsis sp. They also found that resting sclerotia 
required high concentrations for an effective kill. Clayton et al. (1) work-
ing with Thielaviopsis basicola (Berk.) Ferraris and Heterodera marioni 
(Cornu) Goodey in tobacco plant beds, reported that compared with 
steam-pan sterilization, a combination chemical treatment of 1 lb. cyana-
mid and 36 cc. chlorpicrin per sq. yd. was slightly inferior in weed control 
and somewhat superior in disease control. Dimock (3) found that either 
steam or chlorpicrin treatments of soil heavily infested with Rhizoctonia 
sp. gave good control of the Rhizoctonia foot-rot of Matthiola incana 
(Annual Stocks). McCulloch (6) reported that plots of Fusarium-in-
fested soil treated with chlorpicrin gave results comparable with the 
check plots of steam sterilized soil and were 50 to 100 per cent better 
than the plots of nontreated Fusarium-infested soil. 
MATERIALS AND METHODS 
Similar experiments were carried out on the experimental farms at 
Kanawha and Conesville, Iowa. On each farm a plot 30 feet by 40 feet was 
plowed once, disked twice, leveled with a harrow, and then treated with 
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chlorpicrin at the rate of 3 cc. per injection at staggered 12-inch intervals 
480 lbs. per A.). The chlorpicrin was applied with the Larvajector 
senior, type C, applicator. The plot at Kanawha, upon which an oat crop 
was produced in 1940, was located on black, heavy (Clarion loam) soil. 
It was treated September 20, 1940, and watered immediately for a water 
seal. The plot at Conesville, upon which a crop of cowpeas was produced 
in 1940, was located on a light (Buckner) sandy soil. It was treated Sep-
tember 13, 1940, watered immediately for a water seal, watered again 
after a lapse of 5 hours and again after a period of 12 hours. At the time 
of the third application of water, chlorpicrin fumes were prevalent enough 
above the treated area to be readily detected. These treated plots were 
exposed to the elements for the duration of the winter. 
The planting plans of the plots were similar. Seed used in the plantings 
were surface treated with 5 per cent Clorox solution for 15 minutes and 
rinsed in water. The tools used in the planting of the plots were dipped 
into a 5 per cent solution of formaldehyde for 15 minutes before using. 
The laborer doing the actual plot work wore rubber boots that had been 
dipped into the formaldehyde solution for 15 minutes before using. 
Stakes used in marking the plots were dipped into the formaldehyde 
solution for 30 minutes. Every effort was made to prevent recontamina-
tion of the plots in the spring during the process of planting. 
Plantings were made on two different dates at each location: at 
Conesville, April 9 and 25; at Kanawha, April 16 and May 2. The rates 
of planting per 8-foot row were as follows: oats, wheat, rye, and barley, 100 
kernels; flax and alfalfa, 1 gram of seed; cowpeas, 50 seeds; and sugar 
beets, 100 seed balls. 
Check plots identical in arrangement and time of planting were 
planted adjacent to each of the respective treated areas. 
Stand counts in each 8-foot row were made on two dates. All counts 
made for one particular crop on one date were combined, e.g., the bar-
ley counts in the first planting on treated soil at Conesville were 80, 84, 
92, 83, 91, and 85, or a total of 515 plants. 
At the time stand counts were taken, seedlings were dug from special 
adjacent rows, examined for disease symptoms, and isolations made. 
These rows were planted especially for the purpose of furnishing plants 
for examination. When it was decided that examinations were no longer 
profitable, the plants in these special rows were cut off and removed 
from the plots. 
At Conesville the crops were harvested July 15, when the small grain 
crops appeared mature. The first planting at Kanawha was harvested on 
July 11, the second planting on July 24. All the crops, with the excep-
tion of the sugar beets, were harvested by cutting off the plants just 
above the ground line. The sugar beets were dug from the soil. Imme-
diately after harvesting the plants, green weights were taken, and after a 
period of 10-14 days, dry weights. Yield data in grams were obtained 
for oats, wheat, barley, and flax. 
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EXPERIMENTAL RESULTS 
The results obtained from the early planting at Conesville appear in 
Table 1. Seedling stand counts showed marked percentage increases of 
25.7, flax; 20.4, cowpeas; 19.3, alfalfa; 15.9, wheat; 4.7, barley; and -1.1, 
rye, for the treated over the nontreated soil in the first counts and in the 
second, 80.9, alfalfa; 51.3, flax; 36.8, cowpeas; 28.2, wheat; 23.0, rye; and 
16.3, barley. The first stand count indicated less pre-emergence killing in 
the treated than in the nontreated soil. The second count showed a greater 
post-emergence killing in the nontreated soil than in the treated soil. 
The percentage germination of the seed rilanted in the treated soil 
showed percentage increases of 17.5, flax ; 12.4, cowpeas; 12.2, wheat; 10.4, 
alfalfa; 8.5, barley; and 3.5, rye , over that in the nontreated soil. The in-
creases in the treated soil indicated less pre-emergence and post-emerg-
ence killing of the seedlings. 
The percentage increases in green weight of the plants grown in the 
treated soil over the plants grown in the nontreated soil indicated marked 
increase in size of the plants. The plants grown in the treated soil were 
larger and more vigorous in appearance than the plants grown in the 
nontreated soil. 
The percentage increases in dry weight indicated that not only did the 
plants grown in the treated soil have a healthier, more vigorous appear-
ance but that the plants actually had more substance to them. 
The grain yields showed increases of 358.3, 120.4, and 60.9 per cent 
for the barley, wheat, and flax, respectively. 
The results obtained from the second planting at Conesville appear 
in Table 2. Seedling stand counts showed even more marked increases for 
the treated over the nontreated soil although the stands were numerically 
smaller. Because of an extended dry period that followed the second 
planting, the initial seedling stand counts could not be taken for four 
weeks. The second counts showed percentage increases of 122.8, alfalfa; 
102.0, flax; 71.4, barley; 39.0, rye; 29.6, cowpeas; and 24.8, wheat, in favor 
of the treated· plots. 
The percentage germination of the seed was not so great in the second 
planting as in the first because of the delay in germination caused by the 
dry weather. The percentage increases of germination for the treated 
over the nontreated soil, however, were greater. The percentage increases 
were 18.8, barley; 17.2, rye; 10.5, cowpeas; 11.9, alfalfa; 10.5, wheat; and 
8.8, flax . 
Similarly, the percentage increases of green weight, dry weight, and 
yield were greater for the treated than for the nontreated soil. The in-
creases were larger in the second planting than in the first. It is especially 
noticeable that the increases for alfalfa were much greater than in the 
first planting. 
The results obtained from the early planting at Kanawha appear in 
Table 3. As in the first planting at Conesville, marked increases occurred 
in seedling stand, germination, green weight, dry weight, and yield for the 
treated over the nontreated soil. The differences, however, were not so 
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great. The crops responded much the same at Kanawha as in the Cones-
ville planting although the response of wheat was not so evident. The 
response of the sugar beets was very pronounced. The increase in green 
weight of 349.8 per cent and in dry weight of 606.7 per cent refer to only 
the sugar beet roots. 
TABLE 1 
CHLORPICRIN TREATMENT OF FIELD SOIL IN RELATION TO STAND AND YIELD OF CROP PLANTS 
AT CONESVILLE. PLANTED APRIL 9, 1941 
PERCENTAGE INCREASE OF TREATED 
PERCENTAGE OvER NoT TREATED 
G ERMINATION 
Seedling Stand 
Not Green Dry 
CROP Treated Treated 4- 25- 41 5-9-41 Weight Weight Yield 
----------
Wheat . .... .. 88 .5 76 .3 15 . 9 28 .2 75.0 136.4 120.4 
Barley .... . . . . 90 .5 82 .0 4 .7 16 .3 188.9 266 .7 358 .3 
Flax .. . . . . .. . 85.5 68.0 25 .7 51 .3 11.4 57.8 60 .9 
Rye . .. ... . . .. 65.0 61. 5 -1.1 23.0 . . . . . . . . . . . . . . . . . . ..... .. .. 
Alfalfa ... .... 64.2 53 .8 19 .3 80 .9 13 .0 47.4 .... .. ... 
Cowpeas . .. . . 73 .6 61.2 20.4 36.8 -8.9 -11.1 . .. . ..... 
TABLE 2 
CHLORPICRIN TREATMENT OF FIELD SOIL IN RELATION TO STAND AND YIELD OF CROP PLANTS 
AT CONESVILLE. PLANTED APRIL 26, 1941 
PERCENTAGE INCREASE OF TREATED 
PERCENTAGE OVER NOT TREATED 
GERMINATION 
Seedling Stand 
Not Green Dry 
CROP Treated Treated 5- 23- 41 6- 5- 41 Weight Weight Yield 
Wheat . ...... 71.0 54.5 30 .3 24.8 126 .1 185 .7 147 .6 
Barley . . . ..... 60 .5 41 .7 45 .2 71. 4 328 .6 471 .2 450 .0 
Flax ........ . 20 .5 11. 7 74 .8 102.0 -5.8 28 .6 91. 3 
Rye ... . ...... 50.0 
I 
32 .8 52 .3 39 .0 . . . . . . . . . . . . . . . . . . . . .. ..... 
Alfalfa ......• 21 .1 9 .2 128 .2 122.8 116.7 233.3 . . . . . . . . . 
Cowpeas . . . . . 52.8 42 .3 24 .8 29.6 5.7 30.0 ........ . 
' The percentage germination of seeds in both the treated and non-
treated soil was lower than that of the first planting at Conesville. The 
soil at Kanawha was much colder than at Conesville, and freezing tem-
peratures occurred at Kanawha after the first planting. 
The percentage increases in seedling stands, germination, green 
weight, dry weight, and yield were more pronounced in the second plant-
ing at Kanawha than in the first, as is evident from a comparison of Tables 
3 and 4. This planting was also followed by a dry period, which delayed 
germination and gave numerically smaller stands although greater per-
centage increases. 
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Isolations were made from diseased tissues of each crop grown at each 
location. Pythium debaryanum, P. graminicola, and other fungi were ob-
tained from plants grown in the treated and in the nontreated areas but 
were isolated more frequently from plants grown in the nontreated soil. 
At each location the percentage increase of seedling stand of the 
second plantings was generally higher than the percentage increase of the 
earlier plantings although the actual stands were numerically smaller. 
The data indicated that the seed planted in the treated soil was afforded 
protection of some type because of the increased number of seedlings in 
the treated soil. Since the soil was treated with a fungicide and since the 
seedlings that were examined showed less damage to the root by patho-
gens when grown in the treated soil, it is probable that there was a smaller 
population of soil-borne pathogens in the treated soil than in the non-
treated soil. 
The difference in percentage germination of seeds of the first and 
second plantings probably can be attributed to rain that fell shortly after 
the first plantings in sufficient quantity to insure germination and the 
period of dry weather that followed the second plantings. 
Increases of green weight1 dry weight, and yield for the second plant-
ings over those of the first plantings perhaps are attributable. to several 
factors. The stands of the second plantings were thinner, thus causing 
less intra-row plant competition for food, minerals, and water. The soil 
was warmer and thus was more favorable for the growth of plant patho-
gens such as Pythium debaryanum and P. graminicola. The plants of the 
second plantings growing in the nontreated soil probably were more 
severely attacked by pathogens than the plants of the first plantings. 
Examination of the root systems of the seedlings gave some basis for this 
assumption. Thus, although the plants of the second plantings growing 
on treated soil were not better than the plants of the first plantings grow-
ing on treated soil, the plants of the second plantings growing on non-
treated soil were strikingly poorer than the plants of the first plantings 
growing on nontreated soil. The actual percentage increases of green 
weight, dry weight, and yield for plants in the treated soil over those in 
the nontreated soil were greater in the second plantings than in the first 
plantings because of greater differences between the plants growing on 
treated soil and plants growing on nontreated soil within the same plant-
ing. 
The plants growing at Conesville and at Kanawha showed in every 
case a more vigorous top growth on the plants in the treated soil than on 
those in the nontreated soil. The roots of the plants growing in the treated 
soil were also more extensively developed and freer of disease symptoms. 
The sugar beet plants in the Kanawha plot responded more strikingly 
to the decreased pathogen population of the treated soil than any of the 
other crops. Sugar beets growing on the treated soil showed top growth 
3 to 10 times greater than the beets growing in the nontreated soil. The 
roots were larger, heavier, and more symmetrical in shape. The barley 
plants at both stations also exhibited marked improvement over the plants 
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TABLE 3 
CHLORPICRIN TREATMENT OF FJELD SOIL IN RELATION TO STAND AND YIELD OF CROP PLANTS 
AT KANAWHA. P LANTED APRIL 16, 1941 
PERCENTAGE I NCREASE OF TREATED 
PERCENTAGE OvER NOT TREATED 
GERMINATION 
Seedling S tand I 
Not Green Dry 
CROP Treated Treated 5- 1- 41 5- 16- 41 W eight Weight Yield 
Oats' . . ..... .. 81.7 70 .5 15 .8 5.7 52.4 44 .4 8 . 2 
Barley . . . . ..•. 43.5 40 .8 6.5 18.7 84.1 94.2 131. 3 
Wheat . .. .... 47.2 36.2 30 .4 4 .2 20.0 39 .4 37.9 
Flax .... . . .. . 32.3 24 .7 30.6 16.8 37 .5 84 .4 48.2 
Sugar beets ... 23 .7 16 .4 56 .4 44.7 349.8 606.7 . . .. . . ... 
Alfalfa .... . . . 18.9 19.8 -4. 7 -10. 8 0.0 0.0 . .. . .... . 
TABLE 4 
CHLORPICRIN TREATMENT OF FIELD SOIL IN R ELATION TO STAND AND YIELD OF CROP PLANTS 
AT KANAWHA. PLANTED MAY 2, 1941 
PERCENTAGE I NCREASE OF TREATED 
PERCENTAGE OVER NoT TREATED 
GERMINATION 
Seedling Stand 
Not Green Dry 
CROP Treated Treated 5- 17-41 5-29-41 W eight W eight Yield 
Oats ....... . . 77 .2 75 .7 -3.3 2.2 79.6 68.4 43.9 
Barley . . ... ... 71.0 57 .8 2.0 30.7 220.0 180.0 201.2 
Wheat . ...... 53.7 37 .5 43.1 56.1 133 .3 133 .3 79 .6 
F lax ...... . .. 88.3 75 .1 17.6 32.9 23.8 39.1 10 .8 
Sugar beets . . . 50.8 43.9 15 .6 23.1 264.7 413.3 ...... ... 
Alfalfa . ... ... 44 .8 22 .5 54.0 63.7 50.0 65.0 . . . . . . . . . 
: 
growing in the nontreated soil. The leaf, stem, and fruit development was 
much better on the plants growing in the treated soil than on the plants 
growing in the nontreated soil. 
Because of some unknown and apparently uncontrolled factors, the 
rye seed germinated irregularly. The rye seedlings were severely attacked 
by stem rust so that green weight, dry weight, and yield data could not 
be obtained. The cowpeas were so severely injured by frost that the data 
obtained from them were not considered to be valid. In the second plant-
ing at Conesville the green weight of the flax showed a negative value. 
This cannot be explained by either the data or observations. Similarly, 
the alfalfa and oat seedling count data were contradictory in the first and 
second plantings at Kanawha. 
SUMMARY 
Plots of two types of field soil were treated with chlorpicrin in the 
fall of HMO and planted to oats, barley, wheat, rye, flax, cowpeas, alfalfa, 
and sugar beets in the spring of 1941. Data were obtained showing the 
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effect on the germination, growth, and development of the crops through-
out the season. 
Seedling stand counts were from 0 to 128.2 per cent greater for plant-
ings made on the treated soil than for plantings on adjacent nontreated soil. 
Isolations from diseased root tissue of seedlings grown in the treated 
soil yielded fewer isolates of Pythium debaryanum, P. graminicola, and 
other fungi than did isolations from seedlings grown in the nontreated soil. 
Plants growing in the treated soil were more vigorous, taller, larger 
stemmed, larger leaved, and darker green in color than plants growing in 
the nontreated soil. These differences were so marked as to be readily 
apparent to the casual observer. -
All plants growing in the treated soil showed benefits from the soil 
treatment in their course of development. The sugar beets showed 606.0 
per cent increase in dry weight, and the barley showed 450.0 per cent 
increase in yield. 
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MORPHOLOGY OF THE DIGESTIVE TRACT OF CYNAEUS 
ANGUSTUS Le C., A TENEBRIONID. 
JACK KRALL AND DAVID T. JONES 
From the Department of Zoology and Entomology, Iowa State College 
Received July 18, 1942 
The stored-corn beetle, Cynaeus angustus Le Conte, has been under 
observation as an economic pest in federal granaries of stored-corn in 
Iowa. Its significance in this regard and its life history constitute an-
other study, soon to be published by Jack L. Krall. The present study 
of this tenebrionid beetle was undertaken jointly in connection with 
comparative histology studies by Da'.vid T. Jones. The authors are under 
obligation to the staff members of the Department of Zoology and En-
tomology of Iowa State College for facilities and encouragement, par-
ticularly to Dr. C. J. Drake and Dr. C. H. Richardson. 
Approximately a dozen dissections were made by the two authors 
as a basis for Figure 1. These dissections, made with fine-pointed Bohem-
ian insect pins under a solution of 10 per cent formalin, were pinned out 
for study in paraffined-bottomed Stender dishes in either 5 per cent 
formalin or 70 per cent alcohol. Observations were made under the 
binocular microscope, under strong illumination. Since the average 
size of the beetles prior to dissection ranged between 4.57 and 6.09 mm., 
the dissections of the digestive tract required not only extreme care and 
patience but no small amount of acquired skill. 
The standard paraffin method was used in histological work, though 
modifications for delicate objects were introduced: specifically, cold f 
xylene mush or cold chloroform mush in infiltrating to shorten to a mini-
mum the exposure of the tissues to heat. Fixatives used were Carnoy's 
fluid, Bouin's fluid, and 10 per cent formalin. With Carnoy's fluid the 
fixation time varied from 15 to 20 minutes according to the size of the 
tissue. With Bouin's fluid or 10 per cent formalin, the fixation time was 
increased to 1 hour. Sections were cut at 8 micra and stained with 
Ehrlich's acid hematoxylin and eosin, or with Heidenhain's iron hema-
toxylin. 
The mandibles of Cynaeus angustus are relatively simple. Between 
these lie the mouth, which opens into a more-or-less distinct pharynx 
which varies from a bulbous shape when distended to a flaccid sac, the 
limits of which are barely discernible as it tapers into the tubular oeso-
phagus. The slender oesophagus dilates posteriorly into a pinkish pro-
ventriculus. Following this is the ventriculus, covered with numerous 
regenerative crypts, which organ comprises the greater part of the 
digestive tract. A study of the larger tenebrionid, Nyctobates pennsyl-
vanica De Geer, which in the vicinity of Ames lives under the bark of 
trees and fallen logs, discloses that the long ventriculus studded with 
[221] 
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many regenerative crypts is characteristic of the tenebrionid group. This 
is also confirmed by the literature. At the posterior end of the ventricu-
lus, delicate unbranched Malpighian tubules join the digestive tract. 
These we find to be apparently six in number, though their fragility as 
they are mingled with the regenerative crypts and slender tracheoles 
render identification of the broken stubs very difficult. The literature 
(Snodgrass) is indefinite as to whether tenebrionids have four or six 
Malpighian tubules. The intestine which follows the ventriculus is 
quite variable. In some specimens it seems to have, in its natural posi-
tion, a rather constant and relatively simpler looping than that shown 
in Figure 1. Its anterior and posterior dilations might well signify, re-
spectively, anterior and posterior intestine, but if so, the intermediate 
region, usually containing faecal pellets, would have to be arbitrarily 
assigned to one or the other portions as it contains no natural division. 
The rectum, however, is quite distinct. This study does not attempt to 
describe the anatomical relation of the posterior rectum to the organs 
of reproduction in the two sexes. 
Histologically the stomodaeal derivatives (pharynx, oesophagus, and 
proventriculus) are lined with chitinous intima, consisting for the most 
part of prominent yellow spicules, which are variable in different regions, 
not only as to length, but as to grouping. Beneath these is a wide elastic 
membrane which is constricted in fixed preparations. Adipose masses 
lie in close proximity to the stomodaeal portions of the digestive tube. 
In the pharyngeal region these appear in some specimens very much 
like salivary glands (see Fig. 2), though glandular structure is not 
evident. 
Histological sections show the regenerative crypts of the ventriculus 
pinched off from the lumen by an overgrowth of the epithelium lining 
the lumen. These (Fig. 5) are proportionately longer and less vacuolated 
in Cynaeus angustus than those of the larger tenebrionid, Nyctobates 
pennsylvanica (Fig. 7). Both species show gregarine infestation of 
the ventriculus, though the fragments in the two beetles appear different. 
Figure 5 is a composite drawing from several slides. Figure 7, on the 
other hand, is from only one section, except for the gregarines. In this 
figure the one labelled "g" is shown as it appeared with long protomerite. 
Others are from other sections and slides of other specimens. The one 
with the blunt protomerite (next to the Fig. 7) appears to be Astero-
phora philica (Leidy) (Kudo, pp. 297-98). The striated musculature 
in the ventriculus of Cynaeus angustus, if present, is certainly very 
inconspicuous as compared with that in the ventriculus of Nyctobates 
pennsylvanica. The histology of the Malpighian tubules and intestinal 
region is relatively simple (Fig. 6) . The specimens examined showed no 
fungal infestation of the epithelium of the Malpighian tubules as found 
in the cluster fly (Jones). 
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KEY TO FIGURES 
1. Anatomy of the digestive system of Cynaeus angustus. 
2. Cross section of the pharynx of Cynaeus angustus. 
3. Cross section of oesophagus of Cynaeus angustus. 
4. Cross section of proventriculus of Cynaeus angustus. 
5. Cross section of ventriculus of Cynaeus angustus. 
6. Cross section of intestine of Cynaeus angustus. 
7. Cross section of portion of ventriculus of Nyctobates pennsylvanica. 
a. Position of anterior abdomen with reference to thorax. 
ad. Adipose tissue. 
e. Elastic membrane. 
f. Faecal pellet. 
g. Gregarine parasite. 
h. Position of head relative to thorax. 
i. Intestine. 
in. lntima. 
j . Jaws. 
m . Malpighian tubule. 
p. Proventriculus. 
r . Rectum. 
r.c. Regenerative crypt. 
s. Striated muscle. 
t . Position of the thorax relative to head or to abdomen. 
tr. Tracheole. 
v. Ventriculus. 
Scale applies to figs. 2-7. 
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The type of substrate upon which many of the myxobacteria have 
been found in nature would seem to indicate the advisability of studying 
the role that complex carbohydrates may play in the nutrition of these 
bacteria. The first species to be described, Polyangium vitellinum Link 
1809, was found growing on an old wicker basket; Thaxter -(1892) first 
observed Synangium sessile on decayed wood and Podangium Licheni-
colum on lichens, and later (1904) Chondromyces catenulatus on dead 
poplar wood. Chondromyces crocatus Berkeley and Curtis (1857) was 
noted on melon rind and straw. Most species are able to develop on dung, 
a substrate that would seem to be high in undigested long-chain carbo-
hydrates such as cellulose. The marked morphological similarities of the 
cytophagae and myxobacteria as demonstrafed by Stanier (1940) make 
it appear that the two groups may well be united. Physiologically, too, 
they seem to be alike in certain characteristics. The decomposition of 
cellulose by members of the genus Cytophaga is well known; reports by 
Mishustin (1938) and others would indicate that certain myxobacteria 
are to some extent equally capable. 
In 1930 Mme Krzemieniewski found cellophane (cellulase acetate) 
to be a suitable carbon source for Spirochaeta cytophaga. Johnson (1932) 
reported the breakdown of the chitinous exoskeleton of the hard-shelled 
crab by species of both Cytophaga and Myxococcus, and Benton (1935) 
isolated a number of chitin-dissolving bacteria, several of which appeared 
to be myxobacteria. Stanier (1940) found that agar and cellulose were 
decomposed by certain species of Cytophaga, but that starch and chitin 
were not attacked. Krzemieniewski (1937) and Imsenecki and Solntzeva 
(1937) reported at least partial decomposition of cellulose by several 
species of myxobacteria. 
The present investigation has to do with the abilities of several 
species of the Myxobacteriales to utilize various carbon compounds. 
EXPERIMENTAL PROCEDURES AND RESULTS 
The first experiments were run in order to compare the growth of 
species of Myxococcus, Chondrococcus, Podangium, and Polyangium on 
cellulose and on cellobiose, dextrose, sucrose, and lactose. A mineral salt 
medium of the following composition was used: 
'Journal Paper No. J-1039 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 571. 
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K 2HP04 .. ........... .. .. ....... ...... ..... .. ... ... ..... .... .. 2.50 gm. 
MgS04 .............. . .. . . ... . ... ... . ..... .. . . ........... .. .. .. 1.25 gm. 
NaCl ... .... .. ... ...... ... ........ ... .... .... .. .. .. .... .. ... ... .. 1.25 gm. 
KN03 .............. . . . .. . .... .. .. . . .. .. .... ... ... ......... . .... 9.00 gm. 
MnS04 .... ... ... . ... . ........... . ...... .. ... .. ........ . .. . ... . Trace 
FeS04 .... .. .... .. ... . . . . ..... .. .... .... . .. ....... . .. . ... . .. .. .. Trace 
Distilled H20 ..... ... ......... .. ... .. .... .. .... .... ........ 1.00 liter 
One part of the above solution was diluted with four parts of distilled 
water. One per cent calcium carbonate, 1.5 per cent Bacto agar, and 0.5 
per cent of the carbohydrate were added. In the study of cellulose a piece 
of sterile filter paper was floated on the agar before the latter had solidified. 
The indicator was brom-cresol-purple. Sterilization was effected in the 
autoclave at 15 pounds steam pressure for 20 minutes. Plates were inocu-
lated by transferring a fruiting body, by means of a needle, from the stock 
culture to the center of the plate. Incubation was at 30°C. for 7 days. 
At the end of that time the diameters of the colonies were recorded in 
millimeters. 
None of the carbohydrates was broken down to give an acid reaction. 
Subsequent work has shown that few, if any, of the species that have 
been studied will survive in a medium whose pH is much below 6.5. In 
general, development on filter paper was best; no apparent preference 
was shown for any of the other carbon compounds employed. 
The experiment was repeated without calcium carbonate in the 
medium. Growth was about the same: very poor compared to that on sus-
pensions of bacterial cells (a point brought out in a previous article) , but 
still recognizable as growth. In the first experiment it had been found 
that the filter paper used as a source of cellulose had a rather high starch 
content, as shown by testing with iodine. In the second trial, a paper was 
substituted which gave a negative iodine test, and starch, as a carbon 
source, was added to the list of compounds already mentioned. Very 
little difference in growth was noted on any of the media. That on starch 
agar was as r apid as that on any of the other substrates, but fruiting 
bodies were formed in only a few instances. The starch in the area of 
growth, and often in a much larger area, was broken down. The starch 
agar medium outside of the growth area gave a positive test for starch 
w ith dilute iodine; that within was definitely negative. Amylase produc-
tion seemed probable. In no case was growth as rapid as had been ex-
pected. 
In reviewing the data, it was thought that the concentrations of the 
carbohydrates might be too low to be significant. A somewhat modified 
mineral salt-agar medium was employed in the following work. It was 
made up as follows: 
K 2HP04 .. .. .... . .. . .... .. . . . . . .. . .. . ..................... . ... 2.00 gm. 
MgS04 . . ..... .. .. ... .... ... . . . .. .. . ....... . . .. ..... . ...... .... 0.50 gm. 
NaCl .......... .. ................ .. .... ... ...... ... .... .... ... ... 0.20 gm. 
CaC12 .. . ... .. .......... . .. . .... . .. . ............................ 0.20 gm. 
MYXOBACTERIA 229 
MnS04 •••• •• ••••• •••.• ••..•• •• . ••. ••. ••••••••. ••••• ••• ••••• •• • Trace 
FeS04 ...... . .............. . ........ . . . ..... ... ................. Trace 
Distilled 'H 20 .. ... ............. .. ............... ...... ... 1.00 liter 
One and one-half. per cent agar was added, and for the first trial no 
additional nitrogen or carbon sources were included. The plates were 
incubated at room temperature (22°-25°C.) for 7 days. The results are 
shown in Table 1. 
TABLE 1 
G ROWTH ON MINE R AL S ALT-AGAR 
7 Days- Room T emperature 
Diamt ter of 
Colonies in 
Name of O rganism Millimeters 
Myxococcus julvus 44. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 . 4 
Polyangium fuscum 77 . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . 6 . 5 
Podangium erectum 82 .. .. ........... . ................... . .... . . 13 . 0 
Myxococcus virescens 91 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 5 
Chondrococcus blasticus 111 ......... . ......... . .. ..... .......... . 11 . 5 
Myxococcus xanthus 127 ...................... : . . . . . . . . ......... 9 . 0 
Controls used in connection with work on the parasitism of the 
myxobacteria had indicated that growth might be possible on agar alone. 
Here the addition of the inorganic salt solution to the agar appeared to 
be sufficient to support moderately good development. Often no better 
growth had been recorded on dung decoction agar under similar condi-
tions. Omission of a source of nitrogen suggested that that element as 
well as carbon was furnished by the agar. Various carbon and nitrogen 
sources were then combined. 
A representative series of carbohydrates starting with a five-carbon 
sugar, arabinose, and ending with cellulose, was employed. Cellulose 
was reprecipitated by dissolving 10 grams of absorbent cotton in 100 cc. 
of concentrated H 2S04 diluted with 60 cc. of distilled water. About 1 
minute was required to dissolve the cotton. When it was completely in 
solution, 2 liters of water were quickly added, and shaken well. The 
cellulose precipitated out and was removed by filtration. The precipitate 
was washed repeatedly until the filtrate gave a negative test for sulfates 
with barium chloride. The cellulose was resuspended in 100 cc. of dis-
tilled water. This was considered as a 10.0 per cent suspension, and was 
diluted as needed. 
Other carbohydrates employed were mannose, maltose, sucrose, gly-
cerol, dulcitol, inulin, and starch, all, including arabinose and cellulose, in 
concentrations of 1.0 per cent. In their work on several species of Cyto-
phaga, Stapp and Bortels (1934) found nitrogen could best be supplied 
by the simpler inorganic compounds, amino acids failing to be of particu-
lar value. Stanier (1940) also noted that species of the same group could 
not utilize amino nitrogen; however, he reported peptone and yeast extract 
to be the only suitable nitrogen sources. In connection with the present 
work, ammonium sulfate and sodium nitrate were the first nitrogen 
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sources to be tried. Including the system of controls, thirty different com-
binations of inorganic nitrogen salts and carbohydrates were prepared. 
The same six species of myxobacteria were employed in this experi-
ment. Incubation was at room temperature for a period of 6 days. The 
colonies were measured at the end of each 3 days in order to get some 
idea of the rates of growth. The main object of the experiment, however, 
was to compare the values of the various carbon and nitrogen sources. 
Results for the 6-day period are presented in Table 2. 
TABLE 2 
GROWTH ON COMBINATIONS OF VARIOUS CARBON AND NITROGEN SOURCES 
Diameters of Colonies in mm. 
6 Days-Room Temperature 
Carbohydrates- 1.0 per Cent 
" 1;l ~ 0 ~ " 0 c 0 1;l " ..9 c 
.9 ~ .... .5 b :.s " Culture and c .... u .O:l .2 c ro ro Oi u >. "3 03 0 .... ::l Number :;:g :;:g ::l a c u < rf] i:i ..... 0 
Control- No Added Source of N. 
M.julvus 44 .... 6.0 
I 
1. 5 I 3.5 3.5 4.5 1 7.5 7 .0 6.0 7.0 P.fuscum 77 .... 6.0 1.0 1.5 1.0 7.0 4 .7 6.0 9.0 9.5 P. erectum 82 .... 11 .0 0 .6 5.0 3.5 5.0 9.0 14.0 13.0 10.0 
M. virescens 91 . . 3.0 0 .5 2.0 1.0 3.5 3.7 4.2 4.0 3.5 
C. blasticus 111 .. 5 .0 1.1 2.3 3.5 5.5 4.0 4.5 4 .0 7.0 
M. xanthus 127 .. 9.o• 2.0 5.5 6 .7 11.0 10.0 8.5 9.5 8.0 
(NH,)2S04-2.5 Grams per Liter 
M. fulvus 44 .... 3 . 5 1 2 .0 2.0 4.0 6 .5 8.0 9 .0 9.7 5.0 P. fuscum 77 .. .. 3.0 1.0 t.O 3.0 2.7 5.0 1.5 7.0 6.5 
P. erectum 82 .... 9 .0 1 .0 9 .0 3.5 6.5 4 .0 19 .0 17 .0 9.0 
M . virescens 91 .. 2.5 1.5 3 .0 3 .0 3.5 3.5 3.0 5.5 3.0 
C. blasticus 111 . . 2.0 1 . 0 ...... 5.0 7 .0 3.7 7 .5 9.0 4.7 
M. xanthus 127 .. 4.7 3.2 5.5 7.0 8.5 6.5 8.0 12 .0 7 .5 
NaN03- 2.5 Grams per Liter 
M.julvus44 ..... 6 .0 
I 
1. 3 
I 
2.0 1.2 6.0 4.5 6.0 4.5 4.0 
P. fuscum 77 .... 2.3 1.0 0 .7 1.0 1. 5 2.0 4.0 1.0 1.0 
P. erectum 82 . ... 4.5 1. 5 0.5 1.0 5 .0 1 .0 4.5 5.0 1.2 
M. virescens 91 ... 5.0 2.0 I 2.5 1.5 6.0 4.5 4.0 5.0 3.0 
C. blasticus 111 .. 5.2 2.3 
I 
3.0 1 .8 4.7 2.5 4 .5 4.0 5.0 
M . xanthus 127 .. 9.5 1. 5 4.0 3.0 9 .0 8.5 7.5 8.5 6.0 
*Figures in boldface indicate formation of fruiting bodies. 
..c: 
u 
.... 
ro 
ci5 
10.0 
13 .0 
10.0 
6 .0 
8.0 
7.5 
8.5 
11 .0 
13.0 
9.0 
9.0 
13.0 
8.0 
6.0 
6.0 
7.0 
5.0 
10 .0 
In contrast to those media containing only 0.5 per cent carbohydrate, 
the results here show a very definite trend: 
1. In concentration of 1.0 per cent, arabinose completely inhibits 
the growth of the species under examination. On this sugar, in combina-
tion with ammonium sulfate, M. xanthus 127 appears to have developed 
somewhat; actually the diameter of the colony increased only 0.2 mm. in 
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3 days, the reading for the third day being 3.0 mm. Complete inhibition 
of the growth of all other species is obvious. 
2. Mannose and maltose usually, but not always, prevented growth. 
In combination with ammonium sulfate, and without a nitrogen source, 
Podangium erectum developed moderately well on mannose, poorly on 
maltose. M. xanthus showed only very modest growth on both sugars. 
3. The first sugar in the series that permitted more or less normal 
development of all species was sucrose. It appeared to have little effect, 
neither inhibiting growth seriously nor stimulating it noticeably. Results 
were comparable to those on the control. Effects of the source of nitrogen 
were not significant. 
4. Glycerol showed a slight inhibitory effect in some instances, 
though never so marked as that produced by arabinose, mannose, and 
maltose. In a few cases it appeared to stimulate development to some 
degree. 
5. For the most part dulcitol and inulin favored growth. Stimula-
tion was especially marked in the case of P. erectum on the nitrogen con-
trol, and with ammonium sulfate added. All other species produced 
moderate to very good growth on these carbohydrates. 
6. Best growth was had on reprecipitated cellulose and on starch, 
the latter usually being the better. Myxococcus virescens, normally a 
slow-growing species, developed rapidly on all of the starch media; on 
cellulose the growth of this organism was not much better, if any, , than 
on the carbohydrate controls. 
7. There appeared to be no significant difference between growth on 
the nitrogen controls and on those media to which inorganic nitrogen 
had been added. In several cases growth on the control exceeded that 
on the other two media. 
8. Fruiting body formation was below normal throughout, being 
almost as poor on starch and cellulose as on arabinose. 
In an additional series of tests, nitrogen was supplied as ammonium 
pho·sphate and potassium nitrate, the carbon sources remaining the same. 
The results of this second run are essentially the same as those of the 
previous experiment. They are shown in Table 3. 
Again it may be noted that the various inorganic sources of nitro-
gen failed to have any effect on the growth of the species under consider-
ation. Growth on the five- and six-carbon sugars was wholly or partially 
inhibited in every case, while increasing the size of the carbohydrate 
molecule was followed by a direct increase in the rate of growth of all 
species. Starch and reprecipitated cellulose appeared to have the most 
marked stimulative effects, but did not promote the formation of fruiting 
bodies to any great extent. Within the area of growth the starch agar 
failed to give a positive iodine test for starch. 
It was previously noted that media containing 0.5 per cent of certain 
carbohydrates seemed to have but little effect on the growth of some 
species of myxobacteria. To better compare the effects of varying the 
concentrations, agar media containing both 0.5 per cent and 2.0 per cent of 
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carbohydrates were prepared. Nitrogen sources were omitted, since they 
appeared to have no effect. The same species of myxobacteria were em-
ployed. The results, for a 6-day incubation period at room temperature, 
may be seen in Table 4. 
TABLE 3 
GROWTH ON CO MBINATIONS OF VARIOUS CARBON AND NITROGEN S OUR CES 
Diameters of Colonies in mm. 
6 Days- Room Temperature 
Carbohydrates- 1.0 per Cent 
" 
" " 0 (lj (lj " " 0 ] "' c: 
.9 (lj .... .5 0 ;:: :0 c: " ~ ::§ Culture and c: c: ca .... u "3 
"' "' 
u >- ..., Number 0 .... ~ ~ ;l G c: 0 <: en ~ ..... 0 
(NH4),HP04- 2.5 Grams per Liter 
M . fu lvus 44 . . .. 6 .0 1 .5 2 .0 2 .0 6 .5 6 .0 7. 0 7 .0 9.5 
P. fuscum 77 ... . 7 .0 1 .2 1.0 1. 5 5 .0 3 .0 6 .0 12 .0 1.0 
P. erectum 82 .... 3 .5 1.0 1.0 1.0 2 .0 1.0 3.0 12 .0 19 .0 
M . virescens 91 . . . 4 .0 1. 5 1 .5 1. 3 3. 0 2 .0 2 .5 4 .0 5 .0 
C. blasticus 111 .. 5 .0 1. 7 1.0 1.0 3 .0 3 .5 3 .0 7. 0 8 .0 
M. xanthus 127 .. 7 .5 1 .5 3 .0 1. 0 9 .0 7. 0 6 .5 9 .0 10 .5 
KN03- 2.5 Grams per Liter 
M . fulvus 44 .. . . 10 . 5 1 1.0 4 .0 5 .0 8 .5 6. 0 9 .0 . . .. .. 8 .0 
P. fuscum 77 ... . 5 .0 1.1 0. 8 1.5 4 .0 2.0 3. 0 5 .5 4 .5 
P. erectum 82 . ... 15 .0 1 .2 7 .5 1. 7 7.0 2 .5 14 .0 10 .0 20 .0 
M. virescens 91 . .. 8 .0 0 .8 2 .0 2 .5 6. 5 6.5 5 .0 8 .0 5 .0 
C. blasticus 111 .. 10 .0 1. 3 4 .5 4 .5 8 .5 1. 5 9. 0 15 .0 8.0 
M . xanthus 127 . . 14 .0 1. 2 7. 0 7 .5 14 .0 10 .5 11 .0 12.5 10.0 
..i:: 
u 
.... 
"' ci5 
7. 0 
1.0 
.. . . . . 
.. ... . 
. . . . .. 
. .. . . . 
19 .0 
7 .0 
19 .0 
10 .0 
25 .0 
20 .0 
I 
It will be noted that inhibition increased directly with the concen-
tration of the pentoses and hexoses; growth in every case being greater on 
the 0.5 per cent concentrations than on the 2.0 per cent. Sucrose and 
dulcitol partially inhibited growth in the higher concentrations, but 
appeared to have a slight stimulative effect in the lower, while inulin and 
reprecipitated cellulose generally favored growth of all species irrespec-
tive of concentration. 
The average results with starch were about the same with both con-
centrations, appearing to serve as the best carbon source. The starch was 
invariably broken down. 
Gum arabic, a compound that might conceivably be utilized as a 
natural carbohydrate substrate, was substituted for glycerol. In general 
it appeared to be less desirable as a source of carbon than starch, showing 
in several instances, a slight inhibitory effect in the higher concentrations. 
No fruiting bodies were produced by any species on either the 0.5 per 
cent or the 2.0 per cent concentrations of arabinose, while on mannose and 
maltose fruiting body production was limited to the lower concentrations 
of these sugars. The compounds in this series above maltose had little 
effect on fruiting body formation, irrespective of concentration. Podan-
Culture and Number 
M. fulvus 44 ........ .. . .. . . 
P. f uscum 77 . .. . .. ..... . .. . 
P. erectum 82 .......... . . ... 
M . virescens 91 ............. 
C. blasticus 111 .. . . . . ...... . 
M. xanthus 127 . .. . . . ....... 
TABLE 4 
COMPARISON OF GROWTH ON Two C ON CENTRATIONS OF CARBOH YDRATES 
Diameters of Colonies in mm. 
6 Days- Room T emperature 
., 
"' 
., 
0 0 (!l ~ ., ] c: (!l .... :a c: B ·o .5 Percentage i:: c: .... 
"' 
~ u "3 "3 
"' Carbohydrate 0 .... ~ ~ ;:l c: {.) < VJ ~ ...... 
0 . 5 11 .0 5 .5 5.0 4 .7 6 .0 5.0 5.0 
2 .0 8 .0 1. 5 3.0 4.0 4.5 7. 0 9 .5 
0 .5 9. 0 3 .0 6 .5 7 .0 12 .0 8 .0 15 .0 
2 .0 13 .5 1.0 1 .0 2 .0 13 .0 2 .5 9.0 
0 .5 25 .0 2 .0 18 .0 6 .0 5 .0 25 .0 20 .0 
2. 0 20 .0 1.0 2 .0 1. 5 7 . 5 10 .0 28 .0 
0 .5 7. 5 2 .0 2 .7 4 .0 5 .7 5 .5 6 .0 
2.0 3.5 1.0 2 .0 1 .0 2 .5 3 .5 4.0 
0.5 12 .0 3 .0 7. 0 8 .0 11.0 9 .0 10.5 
2 .0 8 .5 1 .0 1. 5 4.2 5.0 6 .0 7. 0 
0 .5 11.0 7 .0 8 .0 12 .0 15 .0 11 .0 14.0 
2 .0 14 .0 1.0 3.5 8 .0 12.0 10 .5 14 .0 
. u 
:a 
., 
"' (!l .... 
..c:: "' ::§ u a .... 
" 
"' 
;:l 
cil {.) 0 
----
8 .0 11 .0 10 .0 
5 .5 14 .0 7 .0 
23. 0 18.0 15 .0 
23 .0 28.0 32. 0 
15.0 20.0 22 . 0 
7 .0 15 . 0 12 . 0 
6 .0 9 .0 8 .0 
4. 0 7.0 7. 0 
10. 0 15 .0 10 .0 
8 .0 17 .0 ... . ... . 
10 .0 17 .5 16 .0 
8.5 16 .0 10 .0 
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gium erectum and Myxococcus xanthus were the only species to mature, 
i.e., produce fruiting bodies, on the majority of these media; fruiting 
bodies of Polyangium fuscum were seen only on the lower concentrations 
of starch and gum arabic. 
In their natural environment, soil and dung, the Myxobacteriales might 
be expected to utilize a substrate composed of both bacterial cells and 
carbohydrates of one kind or another. Chief among the latter probably 
would be cellulose, as such or partially broken down by the action of the 
myxobacteria themselves, or by other cellulose-decomposing organisms. 
It is not impossible that other somewhat less complex carbohydrates 
might be present. To determine the comparative effects of associated 
bacterial cells and carbohydrates, several media were devised containing 
varying amounts of both dried bacterial cells and starch; starch because 
it seemed the most readily utilized of all those polysaccharides that had 
been examined. The cells used for the suspensions were Escherichia coli. 
It was pointed out in an earlier article that a substrate containing gram-
negative cells might be slightly more favorable than one containing gram-
positive cells. The media were prepared with 00.0, 10.0, 25.0, and 50.\0 
mgm. of dried cells per 100.0 cc. of solution, and 0.0, 0.5, 1.0, and 2.0 per 
cent of starch. No mineral salt or other nutrient solution was added to 
any of the media. Agar was in 1.5 per cent concentration. Inoculations 
were made in the usual way. 
The results of this test, shown in Table 5, indicate that on the cell 
control media (those containing no suspended bacterial cells) better 
growth V\faS had with a small amount of starch, i.e. , 0.5 per cent, than 
with no starch. However, this concentration seemed to be sufficient for 
the needs of the organisms. Above 0.5 per cent slight increases in rates 
of growth were noted up to and including 1.0 per cent concentration; 
above this point there appeared to be no significant changes in the rates 
of development of most species. 
With the addition of 10.0 mgm. of dried, and killed, bacterial cells to 
the medium a definite increase in the size of the colonies was observed, 
and additional increases in colony size followed directly, for the most 
part, increases in the concentrations of cells in the media up to and in-
cluding 25.0 mgm. per 100.0 cc. Above that point changes in rates of 
growth were negligible. The most marked increases in rates of develop-
ment, following additions of dried cells to the media, were to be noted in 
those containing 0.5 per cent starch, or no starch at all; on the media of 
higher cell content, additional amounts of starch often caused slight de-
creases in growth. This is particularly noticeable in cases of those species 
belonging to the family Myxococcaceae. For example, M. fulvus 44 on the 
medium containing 50 mgm. of cells reached, with no starch present, a 
diameter of 18.0 mm.; with 0.5 per cent starch its size increased to 34.0 
mm.; but with 1.0 per cent and 2.0 per cent starch the colonies were 
proportionately smaller. P. fuscum 77 and P. erectum 82 appeared to be 
less affected by the addition of starch to the substrate. 
Fruiting body production followed, more or less directly, the cell 
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content of the medium. With no bacterial cells in the substrate, only 
M. fulvus 44 and M. xanthus 127 formed fruiting bodies. The addition 
of 10.0 mgm. of cells increased the number of species producing fruiting 
bodies to three, while all matured on at least one of the media containing 
Mgm. of 
Cells 
I per 
100 cc. 
00.0 
10.0 
25.0 
50 .00 
TABLE 5 
GROWTH ON COMBIN ATIONS OF C ELL SUSPENSIONS AND STA R CH 
Diameters of Colonies in mm. 
6 Days- Room Temperature 
Species Name 
Percentage Starch 
and Number 0 .0 0.5 1.0 
M . fulvus 44 .... . . . .. 7 .0 11 .0 8 .0 
P. fuscum 77 ... . .. . .. 13 .0 22.0 24.5 
P. erectum 82 . . . ... .. . 7 .0 8 .0 2.0 
C. blasticus 111 . .... . . 5. 5 6 .0 6. 5 
M . xanthus 127 .. . ... 11 .5 16 .0 11 .0 
M . julvus 44 .. . . ... . . 19 .0 16 .0 18.0 
P. fuscum 77 ..... . . .. 20 .0 15 .0 32 .0 
P. erectum 82 ... . .. . . 47 .0 14 .0 13.0 
M . virescens 91 . . ..... 7. 0 8 .0 7. 5 
C. blasticus 111 .... .. . 12 .0 9 .5 24.0 
M . xanthus 127 . ... .. 21.0 20 .0 19 .0 
M .julvus 44 .. . . . .. . . 22 .0 31.0 20.0 
P. fuscum 77 .. . .. .. .. 19. 0 14 .0 15.0 
P. erectum 82 ... . .... 45 .0 30 .0 14.0 
M. virescens 91 . .. . . . . 13 .0 14.0 12.0 
C. blasticus 111 .. .. . .. 22 .0 29 .0 18.0 
M. xanthus 127 . .. . .. 23 .0 25 .0 22.0 
M. julvus 44 .. . . . .. .. 18 .0 34 .0 20 .0 
P. fuscum 77 .... .. . . . 24 .0 14 .0 7. 0 
P. erectum 82 .. . . . .. . 25.0 28 .0 37 .0 
M . virescens 91 . . . . . . . 12 .0 16 .0 10 .0 
C. blasticus 111 . . .. . .. 22 .0 27 .0 14.0 
M. xanthus 127 . . . .. . 24 .0 24.0 18 .0 
2. 0 
12 .0 
22 .0 
15. 0 
5 .5 
7 .0 
14 .0 
44 .0 
12. 0 
6 .0 
12. 0 
12 .0 
I 
20 .0 
25. 0 
38 .0 
10. 0 
16. 0 
19. 0 
18 .0 
45. 0 
39 .0 
11.0 
18 .0 
12 .0 
50.0 mgm. of dried cells per 100.0 cc. As previously noted, increases in 
starch content of these media were not particularly favorable to fruiting 
body production. 
The effects of the pentoses and hexoses in combination with various 
suspensions of bacterial cells were approximately as expected. A series 
of media was prepared using as carbohydrates arabinose, mannose, 
maltose, sucrose, inulin, and starch in both 0.5 per cent and 1.0 per cent 
concentrations. For the cell suspensions Escherichia coli was employed in 
concentrations of 00.0, 10.0, and 50.0 mgm. per 100.0 cc. of medium. Inocu-
lation was in the usual manner; incubation was at room temperature for 
6 days. 
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According to the data presented in Table 6, it may be seen that on 
those media containing 00.0 and 10.0 mgm. of bacterial cells in suspen-
sion, arabinose was completely inhibitory in 1.0 per cent concentration, 
while growth was usually absent or definitely restricted with 0.5 per cent 
arabinose. On media containing 50.0 mgrn. of cells, inhibition by this 
sugar was not so marked, although development of the colonies was 
greatly reduced. 
On media which contained mannose and maltose in concentrations 
of 1.0 per cent, colony growth was partially restricted. Although inhibi-
tion was less marked with the increase in cell concentrations, it was none 
the less noticeable. 
Sucrose appeared to have very little effect on the growth of any of the 
species of myxobacteria under consideration, colony diameters on sucrose 
media comparing favorably with those on the carbohydrate controls. 
Colony growth is seen to follow directly the changes in concentrations of 
bacterial cells in suspension in the media. 
With no cells in suspension, inulin had a slight inhibitory effect in 
1.0 per cent concentrations. With the addition of 10.0 mgm. of dried cells 
to the medium, growth on the two concentrations of this sugar were ap-
proximately equal. The addition of 50.0 mgm. of cells resulted in greater 
increases in rates of growth with 1.0 per cent inulin than with 0.5 per cent. 
In general, 0.5 per cent starch favored development to a higher de-
gree than did 1.0 per cent. This is noticeable in all three cell suspensions, 
but particularly so in the highest. Growth on a medium containing 50.0 
mgm. of dried cells per 100 cc. and 0.5 per cent starch was superior to 
all others. This was followed by the same concentration of cells with 1.0 
per cent starch, and then the 50.0 mgrn. cell suspension alone. 
The formation of fruiting bodies on the cell control media appears to 
be limited by the amounts of pentoses and hexoses. In general it may be 
said that over 0.5 per cent of arabinose, mannose, or maltose is not only 
inhibitory to vegetative growth but to fruiting body development as well. 
This effect is not so marked in the highest concentrations of cells, but is 
very noticeable in those suspensions containing 10.0 mgm. per 100 cc. 
In combination with heavy cell suspensions, the inhibitory effects of the 
lowers sugars are not always so great as in the absence of bacterial cells; 
they may, however, still be noted. 
The highest percentage of fruiting bodies was produced on 1.0 per 
cent sucrose combined with 50.0 mgrn. of dried cells; every organism 
matured. This was followed by 0.5 per cent maltose, 1.0 per cent inulin, 
and finally starch (both concentrations) and the control. 
DISCUSSION 
The utilization of the carbohydrates by the species of Myxobacter-
iales that have been under observation appears to be limited to the more 
complex molecules such as starch and cellulose, inulin, and dulcitol. 
The pentoses are seen to inhibit growth almost completely, depending 
upon their concentrations. The presence of more than 1.0 per cent pen-
Mgm. of Cells 
per 100 cc. 
Control 
10 .0 
50 .0 
TABLE 6 
COMPARISON OF GROWTH ON VARYING CELL AND CARBOHYDRATE CONCENTRATIONS 
Diameters of Colonies in mm. 
6 Days- Room Temperature 
Percentage Carbohydrates 
Con- ' I 
trol Arabinose Mannose 
I 
Maltose Sucrose 
Culture Name ---
and Number 0 .0 0 .5 1.0 0 .5 1.0 0 .5 1.0 0 .5 1.0 
---------
---
--- ---
-----
M . juluus 44 ...... . ...... 7.0 4.5 1 .2 3.5 2 .2 6 .5 1.0 7 .0 7.5 
P. fuscum 77 . .. . . .. ... . .. 1. 3 0 .8 1 .0 1 .5 1.0 5 .0 0 .7 8.0 5 .0 
P. erectum 82 . .... . . .. . . . . 7 .0 3 .0 3 .0 11.0 2 .0 4.0 1. 5 7 .0 6 .0 
M . uirescens 91 .. .... ... . . 2 .0 1. 5 1 .5 1.5 1.0 2 .5 1 .0 2 .5 1. 5 
C. blasticus 111 . ... . . . .... 6 .0 2 .5 1.0 4 .0 1.0 3.0 2 .0 8 .0 4 .0 
M . xanthus 127 ... .... . .. 9 .0 2 .8 1.0 5 .0 3.0 7.5 5.0 11 .0 10.0 
---- --------------------
M.juluus 44 .... . .... . . .. 9 .0 7 .0 3 .5 4.2 5.0 8 .0 3.5 9 .0 8 .5 
P. J uscum 77 .. .... .. . .. . . 1.0 1.0 1.2 1.0 1.0 1.0 1.0 1. 5 5.5 
P. erectum 82 . .... ... .. . . 10 .0 2.5 1. 5 4 .0 0.8 2.0 1.0 4.5 10 .0 
M. uirescens 91 . . ... . .. . . . 5 .0 1. 5 0. 7 2.0 1.0 2 .0 1.0 5.0 5 .5 
C. blasticus 111 . . . ... . ... . 9 .0 1. 5 1.0 2 .8 1.5 4 .5 3 .0 4.0 10.0 
M . Xanthus 127 . . ... . . . .. 12.0 1.0 1.2 1. 5 3 .5 7 .8 7 .0 13 .0 17 .0 
------------- -----------
M.fuluus 44 . ... . . .. . . ... 15 .0 11.0 8.0 7 .5 7 .0 10.5 5 .5 15.0 9.0 
P. juscum 77 . . . .......... 4.5 1.0 1. 2 3.5 1.0 1. 5 3 .0 4.5 10.0 
P. erectum 82 . . .... . . . ... 37 .0 2 .0 1.3 4 .5 4 .5 11 .5 1 .0 23 .0 19 .0 
M . uirescens 91 . . . . .. . . .. . 6 .5 2 .0 1. 5 3.0 2 .0 3 .0 4 . 0 6 .0 6.5 
C. blasticus 111 ..... . . ... 19.0 6.0 5 .0 9 .0 6 .0 10 .0 7. 0 15 .0 12 .0 
M . xanthus 127 .... .. ... . 18.0 9.0 6 .5 9 .5 8.0 12.0 13 .0 18 .0 15.0 
Inulin 
I 
I Starch 
0.5 1.0 0 .5 1.0 
--- ---------
6.0 6 .0 14.0 12 .0 
2 .0 1.0 15.0 7 .0 
10.0 3.0 15.0 23 . 0 
3.0 1. 5 4.0 4.0 
5 .5 2 .5 12.0 6 .0 
6 .5 6 .5 10.0 10 .0 
------- -----
8 .0 9.0 18.0 13 .0 
1.0 3.0 3.0 1.0 
7.0 5.0 11.0 16 . 0 
4 .0 4 .0 7. 0 6 .0 
5.5 9.0 10.0 9 .0 
8.0 9.0 15 .0 12.0 
--- ------ ---
10.0 15.0 23.0 14 .0 
4 .5 4 .0 3.0 4 .0 
13 .0 29.0 32 .0 23 .0 
5 .0 6 .5 9.0 1.0 
10 .0 16.0 21.0 12 .0 
10 .0 15.0 22.0 8.0 
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tose usually stops growth, while less than 0.5 per cent will allow re-
stricted development in a few cases. The hexoses seem to be only slightly 
less inhibitory. Di-saccharides have little, if any, inhibitory action on 
the growth of these bacteria, but neither do they stimulate development, 
permitting growth approximate to that on a medium containing no 
source of carbon other than agar. Beyond this point, and up to and 
including starch, growth rates seem to increase directly with increases 
in the length of the carbon chain, when the carbohydrate is in concentra-
tion of 1.0 per cent or less. Higher concentrations of even the largest 
carbohydrate molecules at times cause slight inhibition. 
During the course of these investigations it was hoped that some 
physiological basis for the separation of some of the groups of the myxo-
bacteria might be discovered. It seems, however, that the carbon re-
quirements of all the species that have been studied are about the same. 
Certain variations in rates of growth between species have been noted, 
but these differences are constant regardless of the medium. For ex-
ample, Myxococcus virescens is extremely slow growing compared with 
Podangium erectum, but that relationship is always the same, providing 
growth is at all possible. 
One point of interest is the failure of the cytophagas to attack starch 
and chitin (Stanier 19'40) . The myxobacteria are quite able to break 
down starch, and Johnson (1932) and Benton (1935) both recorded the 
decomposition of chitin. On the other hand, the cytophagas are able 
completely to decompose both agar and cellulose. To this author's 
knowledge no claims of this kind have been made for any of the myxo-
bacteria. Mishustin (1938) showed partial cellulose decomposition by 
certain species, and the present investigations have indicated utilization 
of agar and cellulose to some extent; nothing approaching a complete 
breakdown has been observed. Inasmuch as members of the genus 
Cytophaga are quite similar to the myxobacteria from a morphological 
standpoint, and since it is possible that the two groups will be merged, 
these points of distinction might be of value for differentiation on a phy-
siological basis. 
The nitrogen metabolism of the group is not well understood. It is 
possible that the various species are able to fix atmospheric nitrogen in 
order to satisfy their needs, but this appears questionable; the substrates 
upon which most species are normally found in the natural environment 
would ordinarily be high in nitrogenous materials, and nitrogen fixation 
would be unnecessary. In a suspension of bacterial cells there would 
probably be sufficient nitrogen in the cell proteins to support normal de-
velopment of the slime bacteria. In media containing no suspended cells 
and no added source of nitrogen it is possible that enough of this element 
may be present in the agar itself to satisfy the requirements of these 
bacteria. In response to an inquiry by one of the members2 of this 
laboratory staff, the Difeo Laboratories reported about 0.2 per cent nitro-
2 With the permission of Mr. A. A. Anderson. 
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gen in Bacto agar. If it were available it is conceivable that this amount 
might be sufficient for the needs of these organisms. The fact that 
some species are able to grow, rather poorly, it is true, on nothing but 
a solution of agar in distilled water would lead one to believe that they 
could utilize the nitrogen of agar as well as the carbon. 
SUMMARY 
The more complex carbohydrates such as cellulose, starch, dulcitol, 
and inulin are readily utilized by all of the species of the Myxobacteriales 
that have been studied. Increasing the amounts of these compounds, 
within limits, produces corresponding increases in rates of growth. More 
than 1.0 per cent in the media is not always beneficial, and in some cases 
has been noted to be slightly inhibitory. The pentoses are highly inhibi-
tory to all species, especially in excess of 0.5 per cent concentrations, and 
the hexoses are only slightly less active, preventing completely, or in 
large part, the development of both vegetative colonies and fruiting 
bodies. Di-saccharides have little effect on the growth of these bacteria, 
neither inhibiting nor stimulating development. The pH of none of the 
media was lowered sufficiently to give an acid reaction with brom-cresol 
purple. · 
Starch, while apparently more favorable to vegetative growth than 
reprecipitated cellulose, does not encourage the formation of fruiting 
bodies. Within the area of growth, starch was broken down as indi-
cated by the iodine test. No indication of decomposition of cellulose, 
other than good growth, was evident either on reprecipitated cellulose 
or on filter paper. Agar is a possible source of both carbon and nitrogen 
for the myxobacteria, but no liquefaction, or other sign of partial or 
complete breakdown, was noted. 
The addition of nitrogen, in the form of inorganic salts, to the media 
had no significant effect on the growth of the species studied. It is pos-
sible that sufficient nitrogen was present in the agar to permit good 
growth. 
Aside from the normal intestinal flora the constituents of dung that 
appear to be useful to the myxobacteria are the undigested long chain 
carbohydrates such as cellulose, the water soluble parts of dung appar-
ently being of little value to these organisms. 
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THE ACTION OF ORGANIC ACIDS ON CORNSTALK LIGNIN1 
ELTON FISHER 
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It is well known that both alcohols (1) and organic acids (2) can 
be used to extract lignin from plant tissue. Although it is established that 
lignin isolated from plant tissue by an alcohol is combined with the alkyl 
group of the extracting alcohol, the mechanism through which the com-
bination occurs has not been proved. Hagglund and Urban (3) reported 
that a carbonyl group of the lignin molecule forms a semi-acetal with the 
extracting alcohol. A similar mechanism was proposed by Charbonnier 
(4) who believes that an acetal is formed between a tautomeric hydroxyl 
of the lignin and the alkoxyl of the alcohol. An entirely different mechan-
ism was proposed by Holmberg (5) who believes that the reaction: 
Li · 0 · R + HOR' =Li · 0 · R' + HOR 
takes place between lignin and the extracting alcohol. It is left undecided 
whether R consists of hydrogen, a carbohydrate group, another lignin 
group or even another part of the same lignin molecule. It has been 
shown that lignin isolated from plant tissue by anhydrous organic acids 
is obtained as an ester of the extracting acid (2b, 2d, 6). On the other 
hand Schlitz (2e) found that neither chlorine nor carboxyl groups are 
present in lignin extracted from plant tissue by aqueous solutions of 
chloroacetic acid. · 
Since aqueous solutions of organic acids extract lignin from plant 
tissue but do not combine with the extracted lignin (2e), aqueous solu-
tions of lactic acid, which have been used as solvents for lignin (7) , 
should be of value to test the mechanism through which compounds con-
taining alcoholic hydroxyl groups combine with lignin. 
1 Supported in part by a grant from the Industrial Science Research funds of 
the Iowa State College for the study of lignin. 
(1) (a) Klason, Tek. Tid. Kemi Metallurgi, 23, 11 (1893); cited by Freudenberg, Ann. 
Rev. Biochem., 8, 103 (1939); (b) Hibbert, Paper Trade J., 113, No. 4, 35 (1941); 
(c) Hewson, McCarthy, and Hibbert, J. Am. Chem. Soc., 63, 3045 (1941) . 
(2) (a) Pauly, German Patent, 309,551 (1916); cited by Schwalbe, "Die Chemie der 
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ibid., 9, 49 (1928). 
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EXPERIMENTAL 
Action of acids 0'11, lignin. Preliminary experiments indicated that 
organic acid lignins extracted from cornstalks containing pentosans are 
contaminated with carbohydrate material. Accordingly, all lignin prepar-
ations reported in this manuscript were made from cornstalks that had 
been freed of pentosans by hydrolysis with dilute hydrochloric acid (8). 
Five-gram samples of air-dried, acid-hydrolyzed, ground cornstalks were 
Acid 
85% Lactic . .. .. .. 
85% Propionic ... . 
100% Acetic ....... 
TABLE 1 
ANALYSIS OF Acm LIGNINS 
Temp., °C., of Time, Hours, of 
Extraction Extraction 
92 4 
92 8 
112 0.5 
- 112 1 
112 2 
112 4 
112 8 
112 16 
112 32 
122 4 
122 8 
126 4 
112 4 
112 4 
CHaO,% 
10.7 
11.6 
12.0 
12.0 
13.6 
13.5 
12.4 
12.7 
12 . 3* 
12.3 
14.3 
12.0 
8.4 
11. st 
*The temperature dropped below 112° C. during the night. • 
t This extraction was catalyzed by the addition of 1 ml. of concentrated hydrochloric acid 
to the reaction mixture. 
digested with 60-ml. portions of organic acids at elevated temperatures 
for varying lengths of time. Aqueous lactic acid, aqueous a-methoxy-
propionic acid (prepared according to the method of Purdie and Irvine 
(9) ) , aqueous and anhydrous propionic, acetic, and formic acids were 
used. Some of the reactions were catalyzed by the addition of 1 ml. of 
concentrated hydrochloric acid to the extraction liquors. Each sample 
was then diluted with an equal volume of the corresponding hot acid, 
filtered, and thoroughly washed with hot acid. The pulp was added to 
1 1. of boiling water, allowed to stand over night, filtered, washed with 
boiling water until the filtrate was free of acid, and air dried. The air-
dried pulp was weighed and analyzed for lignin by the cold sulfuric 
acid method (10). The results obtained are given in Figures 1 and 2. 
Recovery of lignins. Each filtrate from the acid extractions of corn-
stalks was cooled and slowly poured into 1.5 1. of distilled water; the 
water was stirred continuously while the acid solution was added. The 
precipitated lignin was filtered and washed until the filtrate was free of 
(8) Morga!, This Journal, 11, 365 (1937). 
(9) Purdie and Irvine, J. Chem. Soc., 75, 485 (1899). 
(10) Peterson, Walde, and Hixon, Ind. Eng. Chem., Anal. Ed., 4, 216 (1932). 
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acid. The recovered lignin was dried over phosphoric anhydride in a 
vacuum desiccator and analyzed for methoxyl (11) . . 
Action of acids on caustic alkali lignin. Sodium hydroxide lignin was 
prepared by treating 2 kg. of air-dried, acid-hydrolyzed ground corn-
90 
80 
70 
Cl 
w 
> 60 0 
::E 
w 
it: 
z 
z 
t.:l 
:J 50 
.~ 
40 
30 
4 6 10 12 
TIME IN HOURS 
Frc. 1. Lignin extracted with 85 per cent lactic acid. A-126°C.; B- 122°C.; 
C-112°C.; D-92°C. 
stalks with 30 1. of 4 per cent aqueous alkali. After standing for 15 hours 
at room temperature, the insoluble pulp was removed from the alkaline 
liquor by filtering through cheesecloth. The black liquor was acidified 
with concentrated hydrochloric acid; the precipitated lignin was filtered, 
(11) Johns, "Laboratory Manual of Microchemistry," Burgess Publishing Company, 
Minneapolis, Minn., 1941, p. 42. 
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90 
~ CH,.CH (OH) COOH 
• CH3CH (OCH3) COOH 80 
9 CHaCH,COOH+ HCI 
70 
60 
50 
40 
I) CHaCOOH 
() CH::COOH+ HCJ 
30 
EB HCOOH 
(D, HCOOH+ HCI 
20 
40 50 60 70 80 90 100 
% CONCENTRATION OF ACIDS 
FIG. 2. Lignin extracted with organic acids. Each sample was digested for 4 hours. 
All extractions with formic acid were at lOO ' C.; all other extractions were at 112°C., 
except those labeled A which were at 105°C., and those labeled B which were at 103°C. 
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washed until the filtrate was free of chloride, dried, and freed of ash by 
the method of Morgal (8). After drying over phosphoric anhydride the 
recovered lignin was analyzed for methoxyl (11). One-gram samples 
of sodium hydroxide lignin were digested for 4 hours at elevated tem-
peratures with aqueous and anhydrous organic acids. The solutions were 
cooled and filtered; the lignins were recovered by pouring the filtrates 
into distilled water, filtering, and washing the precipitated lignins. Each 
sample of recovered lignin was dried, weighed, and analyzed for methoxyl 
(11) . 
TABLE 2 
SODIUM H YDROXIDE L IGNIN DIGESTED 
4 H ouRs WIT H ORGANIC Acrns 
Acid Used Temp., ° C . 
Lignin 
R ecovered, % 
85 % Lactic acid .. . ...... . .... 112 85 
74.7 % Lactic acid .......... . . 11 2 91 
85% a-Methoxy-propionic acid . 11 2 93 
100% Propionic acid .. . ..... .. 112 28t 
72.4% Propionic acid . . . ..... . 105 84 
100% Acetic acid .... . . . . ..... 112 74t 
66.4% Acetic acid . . ..... . .. . . 103 84 
100% Formic acid .. . .. . . . .... 100 78 
60.4% Formic acid .. . ........ 100 - § 
CH 30 , % in 
R ecovered Lignin * 
15 .0 
15. 1 
17. 0 
16 . 1 
15 . 2 
17 . 2 
16. 0 
16.2 
. . . . . . .. . . . ... . .. . 
*Untreated sodium hydroxide lignin analyzed 15.4 per cent methoxyl. 
t Only part of the sodium hydroxide lignin was soluble in hot anhydrous propionic acid. 
t A small amount of the sodium hydroxide lignin was insoluble in hot glacial acetic acid. 
§ Sodium hydroxide lignin was a lmost completely insoluble in hot 60.4 per cent•formic acid. 
Alkaline saponification of lignins. Samples of lignin weighing 150 
mg. were dissolved in 20 ml. of 10 per cent sodium hydroxide solution, 
heated to boiling, placed on a steam plate, and kept above 90°C. for 2 
hours. At the end of this time the samples were cooled, filtered, and 
diluted to 200 ml. The lignin was precipitated by the addition of a slight 
excess of hydrochloric acid; the precipitated lignin was filtered, washed, 
driep, weighed, and analyzed for methoxyl (11). 
Methylation and saponification of lignins. Lactic acid lignin, sodium 
hydroxide lignin that had been treated with lactic acid, and untreated 
sodium hydroxide lignin were methylated with diazomethane. One-gram 
samples of lignin were passed through a 100-mesh sieve, dried in vacuum 
over phosphoric anhydride, and placed in 150 ml. Erlenmeyer flasks. 
An ether solution of diazomethane prepared from 2 ml. of nitrosomethy-
lurethane (12) was poured over each sample and allowed to stand over 
night. The ether was filtered off, and each lignin sample was washed with 
low-boiling petroleum ether (Skelly A). The lignin samples were sub-
jected to another methylation similar to the above but using only 1 ml. 
of nitromethylurethane to generate the diazomethane. The twice methyl-
(12) Hickinbottom, "Reactions of Organic Compounds," Longmans, Green and Co., 
London, England, 1936, p. 331. 
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TABLE 3 
ALKALI SAPONIFICAT!ON OF LIGNINS 
CH30 , 3 Before 
Type of Lignin Saponification 
Lactic acid lignin, prepared by 
boiling stalks with 853 lactic 
acid for 8 hours . . . . . . . . . . . . . . 13 . 5 
Lactic acid lignin, prepared by 
digesting stalks with 853 lactic 
acid for 4 hours at 112° C... .. . 12 .3* 
Lactic acid lignin, prepared by 
digesting stalks with 74.73 
lactic acid for 4 hours at 112° C. 12 . 6 
Lactic acid lignin, prepared by 
digesting stalks with 853 lactic 
acid (catalyzed by 1 ml. con-
centrated hydrochloric acid) for 
1 hour at 112° C. ............. 12 . 4 
Sodium hydroxide lignin . . . . . . . . . 15 . 4 
Sodium hydroxide lignin, digested 
4 hours at 112° C. with 853 
lactic acid . . . . . . . . . . . . . . . . . . . 15 . 0 
Sodium hydroxide lignin, digested 
4 hours at 112° C. with 74.73 
lactic aciEi . . . . . . . . . . . . . . . . . . . 15 . 1 
a-Methoxypropionic acid lignin. . . 12. 3 
Sodium hydroxide lignin, digested 
with a-methoxypropionic acid . . 17 . 0 
Propionic acid lignin, prepared by 
digesting stalks 4 hours at 112° 
C. with 1003 propionic acid ... 10.2 
Propionic acid lignin, prepared by 
digesting stalks 4 hours at 105 ° 
C. with 72.43 propionic acid. . . 12 . 5 
Sodium hydroxide lignin, digested 
4 hours at 112° C . with 1003 
propionic acid . . . . . . . . . . . . . . . . 16 . 1 
Sodium hydroxide lignin, digested 
4 hours at 105° C. with 72.43 
propionic acid. . . . . . . . . . . . . . . . 15 . 2 
Acetic acid lignin, prepared by 
digesting stalks 4 hours at 112° 
C . with 1003 acetic acid .. . ... 10.2 
Acetic acid lignin, prepared by 
digesting stalks 4 hours at 103 ° 
C. with 66.43 acetic acid. . . . . . 13 . 6 
Lignin 
Recovered, 
3 After 
Saponification 
78 
79 
73 
77 
83 
82 
74 
70 
78 
76 
71 
75 
74 
76 
72 
CH30, 3 After 
Saponification 
15 .7 
14 .7 
14.9 
12 . 3 
16.7 
16.4 
16 . 1 
14.3 
15.5 
14 . 5 
12 .5 
16.3 
16.1 
15.4 
14 .3 
CORNSTALK LIGNIN 
Type of Lignin 
Sodium hydroxide lignin, treated 
4 h'?urs '.1t 112° C. with 1003 
acetic acid ..... ..... . . . . . ... . 
Sodium hydroxide lignin, treated 
4 hours at 103° C. with 66.43 
acetic acid . . .. ... ........... . 
Formic acid lignin, prepared by 
treating stalks 4 hours at 100° C. 
with 1003 formic acid .. ..... . 
Formic acid lignin, prepared by 
treating stalks 4 hours at 100° C. 
with 60.43 formic acid ....... . 
Sodium hydroxide lignin, digested 
4 hours 'at 100° C. with 1003 
formic acid ....... ..... ..... . 
Table 3-continued 
Lignin 
Recovered, 
CH30, 3 Before 3 After 
Saponification Saponification 
--------
17 .2 77 
16 . 0 71 
11. 7 74 
13.4 73 
16.2 83 
247 
CH30, 3 After 
Saponification 
15 .8 
14.7 
14.4 
14.9 
15 .9 
*This sample of lactic acid lignin was prepared by digesting 25 g. of cornstalks with 300 
ml. of 85 per cent lactic acid for 4 hours at 112° C. 
ated samples were methylated a third time and dried in vacuum over 
phosphoric anhydride. A fourth methylation did not increase the 
methoxyl content of the thrice methylated lignin samples. The diazo-
methane methylated lignins were saponified with sodium carbonate by 
the method of Ahlm and Brauns (13), dried, and analyzed for methoxyl 
(11). 
TABLE 4 
METHYLATION AND SAPONIFICATION OF LIGNINS 
I 
CHa0,3 
Lignin After 
Recovered, Saponifica-
CHaO, 3 CHa0,3 3 After tion of 
Before After Saponifica- Methylated 
Type of Lignin Methylation Methylation ti on Lignin 
------
Lactic acid lignin, prepared by 
treating stalks with 853 lactic 
acid at 112° C. for 4 hours .... 12 . 3* 22.4 80 17.5 
Sodium hydroxide lignin, treated 
4 hours at 112° C . with 853 
lactic acid ... . . ... ... .. . . ... 15 .0 23.6 85 18 . 1 
Sodium hydroxide lignin ........ 15.4 24.8 83 23.5 
*This sample of lactic acid lignin was prepared by digesting 25 g. of cornstalks with 
300 ml. of 85 per cent lactic acid for 4 hours at 112° C . 
(13) Ahlm and Brauns, J. Am. Chem. Soc., 61, 277 (1939). 
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Acid hydrolysis of lignins. Several samples of lactic acid lignin, a 
sample of sodium hydroxide lignin that had been treated with lactic 
acid, and a sample of untreated sodium hydroxide lignin were hydro-
lyzed with dilute hydrochloric acid (1 volume of concentrated acid to 4 
volumes of water). Lignin samples weighing 250 mg. were covered with 
25 ml. of dilute hydrochloric acid, heated to boiling, and kept above 90°C. 
on a steam plate for 2 hours. The samples were cooled, filtered, and 
washed until the filtrates were free of chloride. After drying, the acid 
hydrolyzed lignins were analyzed for methoxyl (11). 
TABLE 5 
Acm H YDROLYSIS O F L IGNINS 
Lignin 
Recovered, 
CH 80 , % Before % After CH 30, % After 
Type of Lignin H ydrolysis H ydrolysis Hydrolysis 
Lactic acid lignin, prepared by 
boiling sta lks 8 hours with 85% 
lactic acid . . .... . . . . . ........ 13.5 91 13 .6 
L actic acid lignin, prepared by 
d igesting stalks 4 hours a t 112° 
C. with 85% lactic acid ....... 12 . 3* 93 13 . 1 
Lactic acid lignin, prepared by 
d igesting stalks 1 hour a t 11 2° 
C. with 85% lactic acid (cata-
lyzed by the addition of 1 ml. 
concentrated hydrochloric acid) . 12 .4 82 13. 1 
Sodium hydroxide lignin ....... . . 15 .4 88 16 .6 
Sodium hydroxide lignin, digested 
4 hours a t 11 2° C . with 85% 
lactic acid ................. . . 15 .0 89 16 .0 
* This sample of lactic acid lignin was prepared by digesting 25 g. of cornstalks with 300 
m l. of 85 per cent lactic acid for 4 hours a t 112° C. 
DISCUSSION 
Data presented in Figure 2 show the effect of the presence of hydro-
chloric acid on the extraction of lignin by a series of organic acids. These 
data also show that 85 per cent aqueous solutions of formic, acetic, and 
propionic acids extract more lignin from plant tissues than do the an-
hydrous acids. The fact that aqueous solutions of formic acid containing 
hydrochloric acid extract slightly less lignin from cornstalks than do 
hydrogen chloride free aqueous solutions of formic acid is compatible 
with the conclusion that condensation-polymerization changes occur 
when natural lignin is treated with aqueous solutions of formic acid con-
taining hydrochloric acid. It seems possible that a hydrolytic effect, simi-
lar to that observed in the alcoholysis of lignin (le), may play an impor-
tant role in the extraction of lignin by organic acids. This does not 
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preclude the possibility that organic solvent action may be a factor in the 
extraction of lignin by anhydrous organic acids. 
Methoxyl analyses of lignin extracted from cornstalks by lactic acid 
indicate that fractionation takes place during the extraction. The fractions 
first removed have a lower methoxyl content than do the intermediate 
fractions. The intermediate fractions contain more methoxyl groups than 
the final fractions. 
· Alkali saponification studies indicate that anhydrous propionic, acetic, 
and formic acids form esters with the lignins that they extract. Appar-
ently esterification plays no important role in the extraction of lignin 
by these acids because maximum extraction of lignin is obtained under 
conditions that do not favor esterification. 
In most cases the action of the organic acids on sodium hydroxide 
lignin is not clearly revealed by the available data. In all of the reactions 
investigated, there is evidence of fractionation. The action of most of 
the acids on isolated lignin is not the same as their action on natural 
lignin in plant tissues. 
The results of diazomethane methylation and sodium carbonate 
saponification studies on lactic acid lignin, sodium hydroxide lignin that 
had been treated with lactic acid, and untreated sodium hydroxide lignin 
presented in Table 4, indicate that lactic acid adds carboxyl groups to 
lignin. If lactic acid adds to lignin by forming an acetal between a car-
bonyl (or tautomeric hydroxyl) of the lignin and the hydroxyl of the 
lactic acid, hydrolysis of the acetal wtih dilute hydrochloric acid should 
increase the methoxyl content of the recovered lignin. The data pre-
sented in Table 5 show that this result is not obtained. From these 
facts it seems probable that lactic acid does not form an acetal with 
lignin. An indication that lactic acid reacts with sodium hydroxide lignin 
through phenolic groups of the lignin is found in the fact that methy-
lated sodum hydroxide lignin contains a larger percentage of methoxyl 
than does methylated sodium hydroxide lignin that had been digested 
with lactic acid before methylation. These data indicate that lactic acid 
may combine with both isolated and natural lignin according to the 
mechanism proposed by Holmberg (5) to explain the action between 
alcohols and lignin. The following equation illustrates the mechanism 
involved: 
COOH COOH 
I I 
Li · 0 · R + HOCH = Li · 0 · CH+ ROH 
. I I 
CH3 CH3 
In the case of natural lignin it is undecided whether R consists of a hydro-
gen, a carbohydrate group, another lignin group, or even another part 
of the same lignin group. In isolated lignin, R is probably the hydrogen 
of a phenolic hydroxyl. It appears probable that the combination of lactic 
acid with lignin does not play an important role in the isolation of lignin 
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from plant tissue; the limited data available do not indicate whether the 
combination occurs before or after the lignin is extracted. 
SUMMARY 
1. A hydrolytic effect appears to play an important role in the 
extraction of lignin from plant tissue by organic acids. 
2. Data compatible with the conclusion that aqueous solutions of 
formic acid containing hydrochloric acid may cause lignin in plant tissue 
to undergo condensation-polymerization reactions are presented. 
3. Fractionation takes place when lignin is extracted from plant 
tissue by organic acids. 
4. Anhydrous organic acids form esters with the lignin that they 
extract. Esterification plays no important role in the extraction of lignin 
from plant tissue by aqueous solutions of organic acids. 
5. Lactic acid adds carboxyl groups to both natural and isolated 
lignin. It is possible that this acid combines with lignin according to the 
mechanism proposed by Holmberg (5) to explain the action between 
alcohols and lignin. 
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The quantitative determination of reducing sugars is one of the 
most frequent estimations required in the field of biochemistry. Such 
determinations are especially important in fermentation studies to fol-
low the rate of dissimilation of sugars and the yields of products there-
from. 
Two types of oxidizing agents have been most successfully em-
ployed for the analysis of reducing sugars. Ferricyanide reagents are 
used in the Hagedorn and Jensen (1) method and its several modifica-
tions. Many procedures have been developed employing copper rea-
gents. According to Shaffer and Somogyi ( 4), Somogyi ( 5), and · Pickett 
(2), the ferricyanide is less specific in its reaction with sugars than are 
the copper reagents since the ferric ion oxidizes substances other than 
the sugars to a greater extent than does the cupric ion. On the other 
hand, the copper reagents have a disadvantage in that the cuprous 
oxide formed is subject to partial reoxidation by atmospheric oxygen. 
In spite of this disadvantage the greater specificity of the copper rea-
gents makes them more suitable for m,ost biochemical studies. 
Many methods have been suggested for measuring the amount of 
cuprous oxide formed, but the iodimetric method of Shaffer and Hart-
mann (3) is the most convenient and the most widely used in this 
country. Stiles, Peterson, and Fred (6) adapted the above procedure 
to the determination of reducing sugars in bacterial cultures both by 
micro- and macro-methods. The macro-method of Shaffer and Hart-
mann has been widely used in fermentation studies but possesses sev-
eral disadvantages, including the cost of reagents and the close attention 
required for exact duplication of time and rate of heating. Based upon 
extensive studies of various factors influencing the rate of copper re-
duction and maximum reduction equivalents, Shaffer and Somogyi (4) 
reported a micro-modification of the Shaffer-Hartmann method. Later 
Somogyi (5) further modified the procedure for the micro-determination 
of sugar in blood filtrates. The micro-methods were designed for the 
determination of not more than 2 milligrams of sugar in a 5 ml. sample 
of solution. For the routine analysis of fermentation media it is desirable 
to be able to determine the sugar in a wider range of concentrations so 
as to decrease the labor and inaccuracies involved in dilutions and to 
1 This work was supported in part by a grant from the Industrial Science Re-
search funds of the Iowa State College for studies on the fermentative utilization 
of agricultural products. 
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prevent the necessity of frequent repetitions of the analyses in order 
to adjust the concentrations to the narrow range. 
The present paper deals with a modification of the Shaffer-Somogyi 
method to determine a maximum of 11 milligrams instead of 2 milli-
grams of sugar in 5 ml. of solution. A great deal of experimental work 
was involved in this adaptation to properly balance the several reagents. 
As a result of these investigations the following reagents and procedure 
have been found to be entirely satisfactory for routine analysis of re-
ducing sugar in fermentation media. 
REAGENTS 
The following reagents are employed in the sugar determination: 
I. A solution containing 12.5 per cent KI and 25 per cent 
K 2C20 4 · H20. 
II. A 7.5 N solution of H2S04 • This solution should be kept fre f:' 
free of oxidizable material. Unsaturated material extracted from rubber 
caused trouble until the source of difficulty was discovered and rubber 
tubing connections were eliminated. 
III. Standard 0.0500 N Na2S20 3 solution. 
IV. Starch indicator solution containing 1 per cent soluble starch 
in a saturated NaCl solution. 
V. Sugar reagent "G": 
Components Weight in grams per liter 
CuS04·5H20 ............. ....... ........... ... .. ...... .. ...... .... .... .. 37.5 
(Rochelle salt) 
NaKC4H 40 6 ·4H20 ..... .... ... ........ .... ........ .... .. ...... .. .. 125 
Na2C03 (anhyd.) ...... ..... .. ......... .. ...... .. .. .. ........... ..... 53 
KI .......... ........................ .. ....... ... ..... ................... ............ 1.0 
Na2S04 (anhyd.) .. .. .. ........ .... ... .... .. ... .... .... ...... ........ 50 
KI03 ........ .... . ........... . ... .. ...... .... .. ...... .................... .... .... 3.5665 (exactly) 
NaOH ........ .......... ........ ..... ........ ...... .. ....... Approximately saturated 
solution added to adjust 
to pH= 9.48 
For a detailed discussion of the purpose and effect of the various 
components of the above reagent, the publications of Shaffer and Somo-
gyi should be consulted. The small amount of potassium iodide has a 
stabilizing effect and renders the reagent less sensitive to reducing agents 
other than sugars. The sodium sulfate eliminates the reoxidation of 
the cuprous oxide, and stabilizes the solution eliminating self-reduction 
of the reagent; it also depresses the dissociation of the carbonate and 
thus lowers the alkalinity of the solution. Somogyi (5) called attention 
to the influence of pH on the sensitiveness of the copper reduction and 
attempted to control the pH by the use of buffer mixtures of sodium car-
bonates and bicarbonate. The present authors have found it very 
DETERMINATION OF REDUCING SUGARS 253 
advantageous to adjust the pH to an exact value by adding sodium 
hydroxide, the pH being determined with the glass electrode. 
The "Sugar reagent 'G' '; is prepared as follows: The sodium car-
bonate and Rochelle salt are dissolved in 300 ml. of distilled water after 
which the copper sulfate, dissolved in about 500 ml. of distilled water, 
is added with continuous stirring so that no free carbon dioxide is 
evolved. The use of a funnel with the exit below the surface of the 
carbonate-tartrate solution is helpful. The potassium iodide and sodium 
sulfate are added, stirring until dissolved; the solution is then made up to 
volume of about 960 ml. with distilled water. The strong solution of sodium 
hydroxide is next slowly added, with stirring, until the pH has reached 
the value of 9.48. The pH is determined at 25°C. with the glass elec-
trode, the salt error being neglected. The samples used for testing the 
pH are always returned to the main solution. The resulting solution is 
heated to boiling and is boiled gently for 10 minutes in a covered con-
tainer. It is then cooled to 20°C. The potassium iodate, accurately 
weighed, is added, dissolved completely, and the volume made up to 
exactly one liter in a volumetric flask. 
The reagent when freshly prepared always contains some suspended 
matter. The solution is therefore allowed to stand for at least a week 
in a Pyrex container. Soft glass containers must not be used since, 
as pointed out by Shaffer and Somogyi (4), cuprous oxide continually 
deposits from the mixture in such containers. After the suspended mat-
ter has settled out, the clear solution is filtered through ignited asbes-
tos, or siphoned out, and is stored in a Pyrex bottle. By following the 
above general procedure autoreduction is reduced to a minimum. 
PROCEDURE OF ANALYSIS 
Exactly 5 ml. of sugar reagent "G" is measured into a 25 X 100 mm. 
Pyrex test tube. The use of an automatic level refilling pipette has been 
found most useful for this step in routine analyses. A 5 ml. sample of 
test solution is pipetted into the tube and thoroughly mixed by shaking. 
The tube is fitted with a rubber stopper provided with a short piece of 
capillary tubing. The tube is then immersed (at least two-thirds of its 
length) in a boiling water bath and is heated for the standard heating 
time, as indicated below, appropriate for the sugar being determined. 
The contents of the tube are cooled to about 30°C. by immersion in a 
cold water bath, 2 ml. of the potassium iodide-oxalate solution (reagent 
I) added, and the solutions mixed by shaking. To this mixture 1 ml. 
of the 7.5 N sulfuric acid is carefully added down the side of the inclined 
tube in such a way as to avoid a too rapid release of carbon dioxide. 
The best procedure is to incline the tube severely so that considerable 
surface is formed by the liquid, then allow the acid to flow down the 
side of the tube and mix by slowly revolving the tube in the inclined 
position until the first violent evolution of carbon dioxide has subsided; 
the solution is then mixed thoroughly by shaking. After addition of 
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the sulfuric acid, sufficient time must be allowed for all of the cuprous 
oxide to dissolve and for the solution to become entirely clear. 
The excess iodine is finally titrated with the 0.0500 N sodium thio-
sulfate, using the starch indicator near the end point. The normality of 
the thiosulfate solution is checked frequently against 0.0500 N potas-
sium iodate solution. A blank is run in exactly the same manner using 
5 ml. of water as the test sample. The difference, corresponding to the 
volume of 0.0500 N thiosulfate consumed by the cuprous oxide, is con-
verted into milligrams of sugar per 5 ml. of solution by reading from a 
standardization curve. As will be seen from data presented below, the 
volume of thiosulfate used is, within reasonable limits, a linear function 
of the concentration of the sugar. It is desirable to check the reagents 
periodically against a sample of pure sugar although their value remains 
remarkably constant over a period of months. This stability is largely 
associated with the accurate adjustment of the pH of the "sugar 
reagent 'G'." 
When a large number of routine analyses .are to be made, a num-
ber of samples may be prepared in separate test tubes, heated and cool-
ed together at the same time, and then titrated. Analyses are most 
satisfactory when the sample contains 1 to 10 mg. of sugar per 5 ml. of 
test solution. In some fermented media no dilution may be needed. 
Clarification, however, is recommended for the m.ost accurate work, 
basic lead acetate being employed. Clarification may be necessary for 
much routine work, but this matter should be checked for any given 
fermentation. 
EXPERIMENTAL 
Details have been given above for the preparation of reagents and 
the general procedure for using the proposed semi-micro method for 
the determination of reducing sugars in fermentation media. A large 
amount of experimental work was involved in developing the reagents 
employed, but there would be little value in presenting the mass of 
accumulated data here. The procedure has been applied over a period 
of three years to more than a dozen reducing compounds of interest in 
fermentation. Typical data are given below for five reducing sugars to 
illustrate the standardization procedure. Aside from these five sugars 
other reducing compounds to which the method has been successfully 
applied include maltose, lactose, d-arabinose, d-xylose, Z-rhamnose, 
dihydroxyacetone and acetyl-methyl-carbinol. 
In Table 1 are given data for five typical sugars showing the relation 
between the time of heating of the sample with the reagents and the · 
reduction values in terms of the volume of standard sodium thiosulfate 
solution. Each solution contained exactly 10 mg. of pure sugar per 5 ml. 
of solution. 
It is evident that the reduction values reach a maximum steady value 
which can be accurately determined by means of graphs. A standard 
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TABLE 1 
RELATION OF TIME OF H EATING AND R EDUCING VALUES 
(Ml. of 0.0500 N thiosulfate per 5 ml. of solution containing 10 mg. of Sligar) 
Time of Heating, Minutes 
Sugar 10 15 20 25 30 35 
d-glucose . . . . .. .. . 8.28 8.63 8 .68 8.62 8.69 . . . . ...... 
d-mannose ... .. .. 6 . 30 7 . 60 8 .08 8.28 8.35 8.38 
d-galactose . ... . . . 6 .65 7 . 19 7.29 7 . 37 7 . 39 7 .39 
!-sorbose .. ... . ... 7 . 51 7 . 54 7 . 57 7 . 59 7.60 . . . .. . ... . 
!-arabinose . .... . . 7 . 19 7 .66 7.78 7.81 7.86 . .. . .. . ... 
heating time of 30 minutes is indicated as sufficient for the sugars tested, 
although a shorter time might be used with sorbose. The standard 
heating time should be established by trial for each new reductant tested. 
In Table 2 are given the reduction values of five sugars as a func-
tion of their concentrations using a standard heating time of 30 minutes. 
TABLE 2 
REDUCING VALUES FOR SEVERAL CONCENTRATIONS OF SUGARS 
(ML of 0.0500 N thiosulfate per 5 ml. of solution containing varying weights of sugar) 
Mg. of Sugar per 5 ml. of Solution 
Sugar 2 4 6 8 10 
d-glucose . ........ 1. 70 3.41 5 . 14 6.86 8 . 68 
d-mannose .. .. . .. . 1.64 3.34 5.07 6.71 8.43 
d-galactose . . .. . .. . 1.46 2 . 94 4 . 43 5.91 7.37 
/-sorbose . .. .. . ... 1.47 2.97 4.47 6.00 7.56 
/-arabinose . ..... . 1. 55 3 . 11 4.66 6.27 7.84 
Standardization curves were plotted for each sugar. The curves 
were found to give nearly straight lines intersecting at the origin. The 
deviation of the linear relation is so slight that straight lines have been 
used for routine work in these laboratories. 
SUMMARY 
A semi-micro method for the determination of reducing sugars in 
fermentation media has been described in detail. The procedure has 
been thoroughly tested in these laboratories for three years in routine 
analyses with more than a dozen reducing compounds. It has been 
found entirely satisfactory in every way. 
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NATURE OF EIMERIA NIESCHULZI-GROWTH-PROMOTING 
POTENCY OF FEEDING STUFFS 
5. DRY-HEATING INGREDIENTS OF THE RATION1 
E. R. BECKER, M. MANRESA, JR., AND L. SMITH 
From the Department of Zoology and.Entomology, Iowa State College 
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It has already been observed in this laboratory by Becker and Dil-
worth (1941) that vitamin B 6 favored the production of increased num-
bers of oocysts in rats infected with Eimeria nieschulzi and on a special 
ration somewhat restricted in vitamin content when the amount of vita-
min B 1 in the ration was markedly limited, but that a pronounced decrease 
in the number of these stages was effected by supplementing the ration 
with both vitamins B1 and B 6• A similar effect was noted by Becker (1941) 
when the vitamins were administered parenterally. A later investigation 
by Becker and Smith (1942) of the behavior of pantothenic acid in the 
same parasitism has revealed that it has the property of increasing the 
number of oocysts produced regardless of whether the reference ration was 
unsupplemented or supplemented with both vitamins B1 and B 6 • In other 
words, pantothenic acid may nullify the parasite-growth-inhibiting prop-
erties exhibited by combination of vitamins B1 and B 6 in Eimeria nie-
schulzi infection. ' 
It was first observed by Kline, Keenan, Elvehjem, and Hart (1932) 
that when a ration of natural foodstuffs was dry-heated at 95°-100°C. for 
144 hours and fed to chicks, the chicks developed symptoms of "pellagra,'' 
but displayed no evident lack of vitamin B1 • There followed a consider-
able number of papers on the nature of the factor destroyed by dry-
heating, until Jukes (1939), Wooly, Waisman, and Elvehjem (1939), and 
Williams (1939) showed that the chick "antidermatitis factor" appeared 
to be identical with pantothenic acid. 
The rats used in the present experiment were raised with their 
mothers on a ration of yellow corn meal, soybean oil meal, linseed oil 
meal, wheat middlings, alfalfa meal, dry skimmilk, salt, fine limestone, and 
cod liver oil concentrate until the litters averaged in the neighborhood 
of 70 gm., at which time they were separated from their mothers, placed 
on screens, and started on the following ration, in parts by weight: beet 
sugar, 52; unextracted casein, 20; wheat middlings (gray shorts), 20; 
normal salt mixture (Harris), 3; lard, 4; cod liver oil, 1. There were two 
ingredients of the ration which might be expected to contain pantothenic 
acid-casein and wheat middlings. According to Jukes (1941) wheat 
middlings contains from 10-14 µgm. of pantothenic acid per gram, and 
1 Supported in part by a grant from the Industrial Science Research Fund (Proj. 
40), Iowa State College. Thanks are due Profs. G. W. Snedecor and W. G. Cochran for 
statistical assistance. 
(257] 
258 E. R. BECKER, M. MANRESA, JR. , AND L. SMITH 
commercial casein, 0.9 ~tgm. per gram. The casein used by us, however, 
was the "fine" grade and probably contained considerable amounts of 
whey, which is comparatively rich in pantothenic acid. Thus it seemed 
that the experimental ration as formulated would lend itself to testing 
the effect of dry-heating of two of its ingredients without seriously disturb-
ing its vitamin content otherwise. The method of procedure was essen-
tially the same as previously described. The 17-day weight gain recorded 
for a rat was the greatest gain it made during the first 17 days on the 
experimental ration. 
EXPERIMENTAL DATA 
1. Effect of dry-heating the middlings. There were five paired 
groups of rats in this experiment. The reference series received the 
experimental ration with unheated casein and middlings, while the mid-
dlings in the ration offered the test series had been dry-heated in an 
electric oven at 105°-l10°C. for 6 days. Following our customary practice, 
the rats of the two series were on their respective rations for 10 days 
before experimental infection with the sporulated oocysts of Eimeria 
nieschulzi. The pertinent data appear in Table 1. It will be noted that in 
all tests the mean numbers of oocysts eliminated by the reference group 
far exceeded those of the test group. Also, the mean 17-day weight gains 
for the groups of the reference series exceeded in every test those of the 
test series. In fact, it has been our experience that the reference ration, 
even when fed for many weeks, provides excellent growth for rats. 
Decreased growth on the ration with heated middlings appears to be due 
to the destruction of its pantothenic acid. 
Mere examination of the differences between the oocyst counts for 
tests and controls quite convinces one that they are significant; yet because 
TABLE 1 
SHOWING EFFECT O F DRY-HEATING OF MIDDLINGS ON NUMBERS OF Ooc YSTS ELIMINATED 
AND WEIGHT GAINS ( NUMBER OF RATS IN GROUPS IN PARENTHESES) 
Test No. 
1 . ... .. ..... . 
2 .. ......... . 
3 .......... . . 
4 . . .. .. . .... . 
5 . ... .. . ... .. 
M ean No. Oocysts Eliminated 
in Millions 
T ests Controls 
22 . 40 (5) I 71.0 (5) 
4 . 33 (3) 27 . 3 (3) 
0 . 25 (4) 
I 
50 . 0 (4) 
45 . 30 (3) 343 . 0 (3) 
99. 20 (4) 182 . 5 (4) 
Mean 17-day Weight Gain 
Tests Controls 
50 53 
34 58 
36 48 
46 53 
49 57 
the individual groups in each series are so lacking in uniformity, the 
method of determining significance of difference of means by small sample 
methods is excluded. The statistical treatment that seemed to lend itself 
best for the data was Fisher's (1932, pp. 97-99) method o.f combining 
probabilities from tests of significance. In this way a P-value between 0.01 
" 
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and .001 was obtained, indicating a highly significant difference between 
tests and control series. 
2. Effects of dry-heating the casein. The casein supplied to the test 
rats in this experiment was subjected to the same heating process as the 
middlings in the previous experiment. There were eight paired groups, 
of which those in the reference series received unheated crude casein and 
unheated middlings while the tests received dry-heated casein and un-
heated middlings. The data, summarized in Table 2, showed that in seven 
of the tests, mean numbers of oocysts eliminated by the control rats far 
exceeded those by the test rats, while in one case the mean for the two 
groups was practically the same. If the chances are equal, the probabilities 
of obtaining seven positives and one negative out of eight trials is a little 
less than .031. Utilizing the previously mentioned Fisher method, a prob-
ability of less than .001 was obtained. Therefore the differences may be 
regarded as significant. In six of the eight trials the mean weight gain of 
the controls exceeded that of the tests while in the other two there were 
but small differences. 
3. Effect of dry-heating part of casein. Because such striking depres-
sions in oocyst counts had been obtained by heating all the casein in the 
test ration, it was of interest to know if heating half the casein would 
produce a similar effect. 
In the first experiment the control ration was the same as before, but 
10 parts of the casein received by the tests were heated, while 10 parts 
were the crude untreated. The mean oocyst counts in millions for paired 
groups (numbers of rats appear in parentheses) of control and test series 
in separate tests were as follows: 75.6 (5) and 42 (5), respectively; 47.5 
(2) and 29 (3); 85.67 (3) and 23 (3). Seventeen-day weight gains for 
TABLE 2 
SHOWING EFFECT OF DRY-HEATING CASEIN ON NUMBERS OF OocYSTS ELIMINATED AND WEIGHT 
GAINS (NUMBER OF RATS IN GROUPS IN PARENTHESES) 
Mean No. of Oocysts Eliminated 
in Millions Mean 17-day Weight Gain 
Test No. Tests Controls Tests Controls 
1 ............ 12 .0 (4) 28 . 5 (4) 53 47 
2 .... . . .. .... 38.5 (4) 189 . 7 (4) 51 55 
3 ............ 27. 0 (2) 125 . 5 (2) 54 60 
4 ... ..... .. .. 105 . 6 (3) 197. 5 (2) 41 50 
5 ............ 16 .5 (2) 66 .6 (3) 38 47 
6 ....... .' .. .. 63.7(4) 63 . 2 (4) 34 33 
7 ....... . . .. . 58 .1 (4) 135 .5 (4) 55 73 
8 ... .. ....... 11.3 (3) 122 . 6 (3) I 62 76 
the tests in the same order were: 60 and 65; 46 and 51; 56 and 49. Thus in 
the three cases the control rats outyielded the tests in oocyst production. 
The differences are significant when the data are analyzed by the pre-
viously mentioned Fisher method. There were but slight differences in 
17-day weight gains. 
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A second experiment was performed in which the control ration re-
mained as before, but the test ration was modified so that it contained 20 
parts of heated casein, 20 parts of untreated crude casein, and 32 parts 
of sucrose in addition to the other usual ingredients. There were five tests 
in this experiment, for which the oocyst counts (millions) of the paired 
groups, controls, and tests, respectively, were as follows: 173 (3) and 
29 (3); 176 (4) and 127 (4); 178 (6) and 42 (6); 215 (5) and 275 (5); 
333 (6) and 180 (6). The same for 17-day weight gains: 56. and 43; 56 and 
41; 59 and 50; 70 and 50; 66 and 46. The probability of getting one nega-
tive and four positives in five trials with chances equal is about 0.156, 
which in itself is of but slight significance, but when the data were treated 
by analysis of variance a significant F-value was obtained. 
A third experiment was performed in which the control ration was 
made up with 40 parts of untreated casein and 32 parts of sucrose instead 
of 20 parts and 52 parts, respectively, and the test ration was as in the 
experiment immediately preceding this. Thus the total proportion of 
casein in the two rations was the same, but half that in the test was dry-
heated. There were three tests with paired control and test groups, 
respectively, which yielded mean numbers of oocysts (millions) as fol-
lows: 109 (4) and 41 (4); 151 (5) and 67 (5); 86 (5) and 43 (5). The 
same for 17-day weight gains: 65 and 60; 50 and 37; 64 and 55. Thus, 
again, the recipients of heated casein yielded considerably fewer oocysts 
than the recipients of the unheated casein. While the F-value obtained 
by analysis of variance was too low to indicate much significance, neverthe-
less the results seem to be in the direction one could expect from the 
results of the two preceding experiments. 
4. Effect of supplementing heated-casein ration with pantothenate. 
In order to determine whether the effect of dry-heating the casein, as 
expressed in depressed mean oocyst counts, might be attributable, at 
least in large part, to destruction of pantothenate, both test and reference 
series received the test ration made up with 20 parts of dry-heated casein, 
while the test series in this case received a supplement of 200 µgms. of 
calcium pantothenate every other day in 2 cc. of water injected directly 
into its stomach through a rubber tube. The mean counts in millions 
for test and reference series were, respectively: 300 (4) and 13 (4); 
323 ( 4) and 98 ( 4); 312 (5) and 109 (5); 343 (6) and 224 (6). Number 
of rats in each group appears in parentheses. The weight gains for the 
same lots were 59 and 51, 70 and 58, 59 and 57, 56 and 54. So in all four 
tests, involving in all nineteen rats in the test and the same number. in the 
reference series, the recipients of pantothenate far outyielded the non-
recipients. Analysis of variance shows the two series to be significantly 
different. It might be assumed that destruction of pantothenate in casein 
by dry-heating had much to do with the depressed oocyst counts, for 
restoring that substance markedly raised the counts. 
5. Effect of substituting vitamin-free casein for heated casein. It 
would be, of course, highly desirable to know whether the effects brought 
about by heating the casein were due to mere destruction of a substance 
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that in some way favored oocyst production, such as pantothenic acid, or 
to a positive property conferred upon the casein by dry-heating. The 
experiments in which both crude and heated casein were received by test 
series might be interpreted either way, so in order to obtain more evidence 
on this point three tests were made in which the 20 parts of casein in the 
control ration were of the crude type and the same amount in the test 
ration was vitamin free ("Casco"). The mean numbers of oocysts ob-
tained in control and test series in 3 groups were as follows (numbers of 
rats in parentheses): 84.3 (3) and 61.6 (3); 139.2 (5) and 22 (5); 148.5 
(4) and 27 (4). The same for 17-day weight gains; 66 and 25; 73 and 33; 
68 and 37. The F-values obtained from analysis of variance of oocyst 
counts indicated a highly significant difference in the 2 series. The differ-
ences in weight gains were also much greater than in the tests involving 
heated casein. The explanation is that "Casco" casein is almost vitamin-
free, while the heated casein retained considerable amounts of all its :vita-
mins except pantothenic acid, and perhaps, vitamin K. Sufficient amounts 
of the latter for blood coagulation were supplied by the unheated mid-
dlings. Also, it is believed that vitamin K is synthesized by microorganisms 
in the rat's digestive tract. 
DISCUSSION 
The method of dry-heating feeding stuffs in order to destroy panto-
thenic acid has been utilized to check the previous work which showed 
that par:ttothenic acid in the ration, even in the presence of the other vita-
mins, favors the production of oocysts in Eimeria nieschulzi infection of 
the white rat. This different approach to the problem made it possible to 
feed considerable amounts of crude casein with heated wheat middlings, 
or considerable amounts of unheated wheat middlings with heated crude 
casein, thus manipulating the pantothenate content of each ingredient 
of the ration, but not materially affecting the other vitamins present. 
Also, heating half of one ingredient, crude casein, was practiced. In all 
these experiments the results were in conformance with the hypothesis 
that reducing the amount of pantothenic acid in the ration would reduce 
the output of oocysts-at•least within limits. 
The critical test was that in which both series received heated casein, 
but one received in addition pantothenate supplement. The response, as 
expected, was increased oocyst output by the recipients of pantothenate. 
Thus it seems established that pantothenic acid definitely favors the 
elimination of increased numbers of terminal stages, oocysts, in infections 
of E. nieschulzi when other conditions, including size of infective dose, are 
comparable. The check used to eliminate the possible objection that de-
creased counts may have been due to a new positive property conferred 
upon the ration by the heating process was that of feeding vitamin-free 
casein in place of the dry-heated crude casein. In this case, also, the results 
in general conformed to those previously obtained, except that rat growth 
was not so good. 
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CONCLUSIONS 
1. Dry-heating either the wheat middlings or the crude casein, or 
half of the crude casein, in a ration with but these two protein-containing 
ingredients, significantly reduces the number of oocysts eliminated by 
rats during E. nieschulzi infection. 
2. Feeding pantothenate to rats receiving dry-heated crude casein 
in the ration significantly increases the numbers of oocysts eliminated. 
3. The substitution of vitamin-free casein for dry-heated crude casein 
produces practically the same effect as dry-heated casein on numbers of 
oocysts eliminated, but the rats do not grow so well. 
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Nigrospora as it occurred on maize in Iowa during the seasons 1938 
to 19·41 showed wide variability on the host and in pure culture. Mason, 
in his monograph of the genus (6), erected three species characterized 
by spore size. Two of these species, Nigrospora oryzae (B. and Br.) 
Petch and N. sphaerica (Sacc.) Mason, occurred on the maize collections 
examined by Mason. Spore measurements of 15 to 20µ for this organism, 
under the generic name Coniosporium, were reported by Bubak and 
Kosaroff (2) in Bulgaria. Measurements of 13 to 18 µ were recorded by 
Durrell (4), who employed the generic name Basisporium. These meas-
urements would include both of Mason's species. A range of 9 to 16 µ 
for 200 spores, which indicated that the specimens would fall in N. oryzae, 
was reported by Savulescu and Rayss (13) in Rumania. Large spores 
from field collections were observed by Reddy (11) to produce small 
spores in culture. Variability of spore size in relation to environmental 
factors has been observed in several genera in the Imperfecti and else-
where. Nutrition accounted for difference in spore size in Cytosporina, 
Phomopsis, and Diaporthe, according to Das Gupta (3) and Nitimargi 
(9) . The length of conidia of several species of Fusarium was found to 
vary in response to light and to media in observations made by Harter 
(5). Separation of species of Nigrospora on the basis of spore size appar-
ently cannot be justified until corresponding differences in cultural char-
acteristics and in pathogenicity are established. 
This paper is a report of a study of the variability of Nigrospora as it 
occurred on maize and in culture. 
VARIATIONS IN SPORE SIZE OF NIGROSPORA IN FIELD COLLECTIONS 
In establishing the species N. oryzae and N. sphaerica, Mason (6) ex-
amined twenty collections of the fungus on monocotyledonous hosts. Four 
collections were from maize. He also recorded measurements for nine 
collections on diverse hosts which, in the absence of type material, might 
with certainty be referred to these two species. Within each species the 
average spore diameter for the collections examined varied considerably, 
N. oryzae from 13.5 to 14.9 µand N. sphaerica from 16.5 to 17.8 µ. The 
differentiation of two species on the basis of spore measurements alone 
'Journal Paper No. J-1047 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 95. This paper constitutes one section of a thesis submitted to the 
faculty of the Graduate College, Iowa State College, in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy. 
' The author wishes to express his gratitude to Dr. C. S. Reddy and Dr. I. E. Melhus 
for their advice in connection with this investigation and the preparation of the 
manuscript, and to many others who gave valuable assistance. 
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with such a limited number of specimens appeared to be somewhat un-
warranted. 
To survey further the range of spore sizes, mature spores from field 
collections of Nigrospora-infected maize tissue were measured over a 
four-year period. Because the spores were oblate-spheroidal in shape, 
measurements were made of the greater diameters. The average spore 
diameters for the specimens examined are tabulated in Table 1. For each 
specimen fifteen spores were measured in 1938, and thirty in 1939, 1940, 
and 1941. The measurements upon which Mason based his conclusions 
are included for comparison. 
None of the spore sizes of the collections made in 1939 fell within the 
spore size ·range of N. sphaerica. In each of the four years collections were 
made in which the spore diameters lay outside the ranges of either N. 
oryzae or N. sphaerica as described by Mason. If species were to be dif-
ferentiated on the basis of spore size alone, it would be necessary to 
establish new species for such collections. There was a slight tendency 
toward a bimodal distribution of average spore measurements in speci-
mens collected in 1940 and 1941. With such a wide range of spore meas-
urements, this bimodal effect became of doubtful significance. The possi-
bility that environmental factors or strain differences might be the cause 
of the slight tendency toward a bimodal distribution in 1940 and 1941 
was suggested by the absence of such a distribution in 1939. 
SOME CHARACTERISTICS OF NIGROSPORA ON THE HOST AND IN CULTURE 
Reddy (11) observed that isolates obtained from field collections with 
large spores often yielded small spores when grown in pure culture. To 
obtain a better understanding of the behavior of the fungus in pure cul-
ture, studies were made of a large number of spore-mass and single-spore 
isolates. 
Spore-mass isolations were made from collections obtained in 1940. 
Two series of collections were selected, one with average spore diameters 
exceeding 16 µ, the other with average diameters less than 14 µ. Isolations 
from infected maize kernels were made by surface sterilizing the kernels 
and dropping them on agar slants. This practice, however, could not be 
employed with cob segments, arrested axillary shoots, and such tissues, 
the spongy nature of which made surface sterilization impossible. With 
such tissues the following technique was employed. A sterile glass cylin-
der, 2 or 3 centimeters in diameter, with a notch ground into the lower 
rim, was placed in a sterile Petri dish. Potato-dextrose agar adjusted to 
pH 5.2 was then poured into the dish. The notch on the cylinder enabled 
the agar to flow under the lower rim. A segment of infected tissue was 
then placed inside the cylinder and the dish held at 20°C. for two to four 
days. Under these conditions Nigrospora usually grew out of the cylinder 
more rapidly than the contaminants, although at times the culture had 
to be freed of contaminants by repeating the process. 
Spore size in culture as compared with that on infected maize tissue, 
together with records of locality of the collection and mycelial color in 
TABLE 1 
DISTRIBUTION OF AVERAGE* SPORE DIAMETERS OF FIELD COLLECTIONS OF NIGROSPORA ON MAIZE IN 1938 TO 1941, INCLUSIVE, 
COMPARED WITH COLLECTIONS EXAMINED BY MASON 
Collections Intervals in Microns 
12.6 13. 1 13 .6 14 . 1 14.6 15.1 15 .6 16. 1 16 .6 17 .1 
Year No. to to to to to to to to to to 
13.0 13.6 14 .0 14 .5 15 . 0 15.6 16.0 16.5 17. 0 17.5 
1938 ............... . . 20 . . . . . . . . 1 . .. ... .. 1 8 4 5 . . . . . . . . . . . . . . . . ... ..... 
1939 .. . .. .. ... . . ..... 78 ........ . . . . . . . . 3 40 26 7 2 . . . . . . . . ........ 
1940 ................. 120 1 6 30 42 13 0 5 8 8 5 
1941 " " " " . 76 . ....... 5 23 27 6 1 3 3 5 3 
Mason's collections .... 20 . ... ... . 2 5 1 1 0 0 2 1 4 
*For each specimen 15 spores were measured in 1938, and 30 in 1939, 1940, and 1941. 
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culture, is summarized in Table 2. Isolates from collections with large 
spores, with few exceptions, tended to produce smaller spores in culture 
than in infected maize tissues and were more variable in color of the · 
mycelium and in average spore diameters than isolates from collections 
with small spores. The latter tended to produce slightly larger spores in 
culture than in infected maize tissues. Locality of collection appeared to 
have no relation to spore size. 
TABLE 2 
DIAMETER OF SPORES ON INFECTE D MAIZE TISSUE AND IN CULTURE, 
AND COLOR OF THE MYCELIUM IN CULTURE 
Collection 
Number 
L 1. ....... .. 
L 2 ........ .. 
L 3 ......... . 
L 5 ........ .. 
L6 ........ .. 
LS ........ .. 
L 9 ......... . 
L 11. .. . .... . 
L 12 ....... .. 
L 13 ........ . 
L 14 ........ . 
L 15 ........ . 
s 1 ...... . .. . 
s 2 ......... . 
s 3 ......... . 
s 4 ......... . 
s 6 ......... . 
s 8 ......... . 
s 9 ......... . 
s 10 ... ..... . 
s 12 . . .... . . . 
s 13 ........ . 
s 14 ........ . 
s 15 .. . .... .. 
Locality 
(Iowa) 
Nevada 
Nevada 
Jewell 
Nevada 
Jewell 
Jordan 
Nevada 
Ankeny 
Ankeny 
Jewell 
Nevada 
Nevada 
Nevada 
Ames 
Ames 
Nevada 
Gilbert 
Ankeny 
Nevada 
Nevada 
.Jordan 
Nevada 
Jewell 
Nevada 
Average Diameter of 30 
Spores in Microns 
Maize Tissue 
16.3 
17.6 
17.3 
16 .5 
17 .2 
17.1 
16.3 
16.7 
16.7 
17 .4 
16 .7 
16 .6 
13 .8 
13.5 
13 .6 
13.8 
13.8 
13.5 
13.6 
13.7 
13 .7 
13 .8 
13.7 
13 .8 
Culture 
16.8 
none 
17.1 
14.2 
15 .7 
16.0 
14 .8 
16 .6 
16 .7 
15.5 
15. 7 
17.5 
14.6 
14.1 
14.2 
14 .7 
13.7 
14 .9 
14 .3 
14.2 
14.4 
13 . 9 
14 .7 
15 .0 
Color of 
Mycelium 
In Culture 
Light gray 
White 
Tan gray 
Medium gray 
White 
Light gray 
Medium gray 
Light gray 
" " 
White 
Medium gray 
" " 
Black 
Medium gray 
" ,, 
There was a possibility that the infection in the maize tissues did not 
originate from a single strain of the fungus; therefore, single-spore isola-
tions were made from infected maize tissues and from certain of the 
isolates described in Table 2. Because strains producing large spores in 
maize tissues tended to produce small spores in culture, inoculum with 
large spores was selected. The physical and cultural characteristics of 
this fungus made it comparatively simple to obtain single-spore isolates. 
The spores were easily seen because they were black, opaque, and rela-
tively large. The mycelium grew rapidly under a glass barrier in agar 
culture, simplifying freeing the mycelium from contaminants. In prac-
tice, a portion of the inoculum from which the single spores were to be 
taken was agitated with 1 or 2 ml. of water and the suspension of spores 
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poured on the surface of a potato-dextrose agar film, pH 5.4, of about 
1 mm. thickness, retaining with the inoculum as much debris as possible. 
After removal of the excess water from the surface of the agar, small 
portions of the agar were transferred to a microscope slide and cut into 
blocks approximately 2 mm. square. The surface of each block was 
examined under the microscope, and those blocks were selected with no 
mycelial fragments and with a single spore, which was measured in situ 
at this point. These blocks of agar were transferred to the inside of short 
glass cylinders arranged in Petri dishes containing potato-dextrose agar, 
pH 5.4, according to the method previously described. The petri dishes 
were held at 20°C. Successful germination was obtained of 75 per cent 
of the single spores isolated by this method. 
The results of these experiments (Table 3) show a marked tendency 
for these single-spore isolates, all originating from large spores, to pro-
TABLE 3 
VARIATION IN SIZE AND IN CULTURAL CHARACTERISTICS OF SINGLE-SPORE ISOLATES DERIVED 
FROM LARGE -SPORED COLLECTIONS 
Spore Diameters in Microns I 
Original 
Single- Culture or 
Spore Collection, Culture, Color 
Source of Isolate Average Single Average Mycelium, Time of 
Spores No. 30 Spores Spore 30 Spores Culture Sporulation 
Culture L 6* 1 ...... 15 . 7 17.8 14. 1 Light gray 2 days 
Culture L 11 * 1. . . . 16 .6 17 .8 13.9 Light gray 2 days 
2 ... . . . . . . . . . . . .. 20 .6 . ........ White No spores, 
10 days 
Culture L 12 * 1 . ..... 16.7 17 . 1 13 .7 Medium gray 2 days 
2 . . .... .... . .... . 17 . 4 14.2 Very dark gray 2 days 
3 ...... . . . . . . . . . . 14 .1 13 .4 Medium gray 2 days 
4 . . . . . . ... . . . . . 19 . 2 14.3 Light gray 4 days 
Collection 1 1 . ..... 17.8 17 .8 14 .9 Dark gray 2 days 
2 . . .... . . . . .... .. 17 . 4 14.3 Dark gray 2 days 
3 .... .. .. . . .. . . . . 17.8 14 .2 Dark gray 2 days 
Collection 2 1 .... .. 17 . 2 20 . 3 14 . 5 Medium gray 2 days 
2 ...... . . ..... . .. 17.8 14 . 2 White 7 days 
3 . . . .. . .... . ..... 18 . 1 15.6 Light $ray 7 days 
4 ...... . . . .. . .... 17 .8 14 .2 White 7 days 
5 .. . . . . .. . ...... . 17.1 13.7 White 5 days 
6 ...... . . . . . . . . . . 17 .8 15.5 White 10 days 
7 . ..... . . . . . . . . .. 17.4 14.5 White 7 days 
------
Collection 3 1. ..... 17 .6 18.9 15 . 0 Medium gray 2 days 
2 ...... . . . . . . ... 18 .9 14 .4 Medium gray 2 days 
3 . ..... . . . . . . . . . . 19 .6 14.3 Medium gray 2 days 
* Isolates described in Table 2. 
268 J. H. STANDEN 
duce spores characteristic of N. oryzae in size. The time required for 
spore production varied from 2 to 10 days, with one isolate producing no 
spores in 10 days. The variation in color of mycelium, from white to very 
dark gray, indicated further variability in the fungus. 
In comparing single-spore isolates from infected maize tissues, or 
from isolates of these tissues, the possibility that the source of spores did 
not originate from a single strain was not eliminated. If single-spore iso-
lates were obtained from monosporic cultures, any variability among 
isolates might be due to variability inherent in the fungus strain. With 
the same method as used above, a series of such isolations was made from 
four of the isolates described in Table 3. 
The characteristics of the isolates obtained are described in Table 4. 
All the spores were small in culture with little variation in average spore 
diameters, but the color and appearance of mycelium varied consider-
ably. Color of the mycelium ranged from white to almost black. Sporu-
lation varied from abundant to none at the end of 14 days. In many pre-
vious isolates with white mycelium, sporulation was scant or lacking. The 
cultural characteristics of nonsporulating isolates, however, resembled 
those of scantily sporulating isolates so closely as to enable anyone 
familiar with the fungus to identify it. The single-spore isolates from 
collection 2, isolate 6, were of special interest because of the extreme 
variation in three of the four isolates. These are shown in Figure 1. Two 
of the four isolates were similar, with white mycelium arranged in 
whorled tufts pointing away from the center of the Petri dish. One of the 
two remaining isolates was white without pronounced tufting of the 
mycelium. On none of these three isolates were spores found after two 
weeks. The fourth isolate sporulated freely in two days, and had a low, 
gray, sparse mycelium. 
From the data summarized in Tables 2, 3, and 4, it is apparent that the 
average diameter of spores tended to become fairly uniform in culture, 
especially in single-spore isolates, and that Nigrospora isolates were 
extremely variable in respect to color and appearance of the mycelium 
and in rapidity and abundance of sporulation. 
In Nigrospora isolates the extremes in color of mycelia might be 
designated the white and gray strains. The gray strains tended to have 
a depressed or cobwebby mycelium which was never arranged in tufts. 
Sporulation in the gray strains was always abundant and frequently 
occurred in 48 hours. This strain was more abundant in years of normal 
summer rainfall. Seventy-six of the seventy-eight isolates examined in 
1939 were gray. The white strains had a cottony mycelium, which was 
sometimes tufted. Sporulation in culture was sparse an~ slow, often 
occurring after three weeks or more and sometimes not i;it all. In the dry 
season of 1936, twenty-three of forty isolates were white. Intermediate 
forms were found, however, which indicated that these two color strains 
should be considered merely as extremes in a variable population. Two 
isolates obtained 1in 1939 were characteristic of the white strain except 
that they sporulated rather freely in 4 and 6 days, respectively. Both 
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white and gray strains were obtained as single-spore isolates from a 
monosporic culture. 
VARIABILITY OF NIGROSPORA ISOLATES IN RESPONSE TO DIFFERENT 
CULTURE MEDIA 
It was found that four isolates when grown on a series of media varied 
in their responses to these media. The data from three replications of one 
such experiment are recorded in Table 5. The media used in this test were 
as follows: (1) whole milk combined with 2 per cent of agar agar and 
the fluid portion used with small pieces of the casein coagulated by auto-
TABLE 4 
VARIATION IN CULTURAL CHARACTERISTICS OF SINGLE-SPORE ISOLATES 
DERIVED FROM MONOSPORIC CULTURES 
Single-
s pore 
Sub-
Spore Diameters, 
in Microns 
Source of 
Spores * 
Culture L 6, 
isolate 1 
Culture L 11, 
isolate 1 
Culture L 12, 
isolate 2 
Collection 2, 
isolate 6 
isolate 
Number 
1 .... . . 
2 .... . . 
3 ... . . . 
4 ... . . . 
5 ..... . 
6 ..... . 
1. .... . 
2 .... . . 
3 .. .. . . 
4 . . . . . . 
5 . . ... . 
6 ..... . 
7 . . .. . . 
8 ... . . . 
9 .... . . 
10 ..... . 
1. .. . . . 
2 .. . . . . 
3 ... .. . 
4 .. . .. . 
5 .. . .. . 
6 .. . .. . 
1 .... . . 
2 ..... . 
3 ... .. . 
4 ..... . 
Single 
Spore 
13 .9 
16 . 0 
13 . 2 
13 . 5 
14 . 2 
14 . 2 
13.5 
15.0 
15.3 
14 .2 
17. 1 
13 . 5 
14.2 
15.0 
15 .0 
13 .5 
14.2 
15.0 
13 . 5 
14 .6 
13 .2 
15. 7 
17 . 8 
13 . 5 
14.6 
16.4 
* Isolates described in Table 3. 
t No spores formed in 14 days. 
t Abundant in 2 days. 
Culture, 
Average 
30 Spores 
14 .0 
14.0 
14.2 
14 .0 
14 . 1 
14 . 2 
13.9 
13 .8 
14 . 0 
13 . 9 
13 . 8 
14.3 
13 .9 
14.0 
14 .0 
14 . 0 
13 .8 
14 .3 
14 . 2 
13.8 
13 .5 
13 . 4 
14 . 2 
Color 
Mycelium 
Black 
Light gray 
" " 
Medium gray 
Light gray 
" " 
Medium gray 
" " 
Dark gray 
Light gray 
Almost white 
Almost black 
Light gray 
Medium 
White 
White 
Gray 
Appearance 
of 
Mycelium 
Low, sparse 
Cot,t,ony 
Low, compact 
" " 
Cottony 
Sparse 
Low, compact 
Cottony 
Low, compact 
Fluffy 
Tufted 
Cottony 
Tufted 
Low, sparse 
Sporulation 
Abundant 
" 
" 
Sparse 
Abundant 
No sporest 
" " 
Abundantt 
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claving, (2) 1 per cent dextrose, (3) 1 per cent xylose, and ( 4) 1 per 
cent peptone, the last three nutrients in Czapek's nutrient solution with 
2 per cent agar agar.- All cultures were maintained in Petri dishes at 
20°C. and examined after 14 days. At the end of this time all the isolates 
had covered the media except No. 12, which covered approximately a 
third of the surface of each medium. The appearance and color of the 
mycelium, rate of sporulation, and rate of growth of these isolates on the 
four media varied both with the substrate and with each other. 
Frc. 1. Variability in cultural characteristics of single-spore isolates. Left to right, 
isolates No. 2, 1, and 4 of the single-spore isolates derived from collection 2, isolate 6 
(Table 3). Isolate No. 2 was white, cottony, and showed no tendency to produce pro-
nounced tufts. Isolate No. 1 was white and tufted, the tufts tending to point away from 
the center of the culture. Neither of these two isolates had produced spores in 14 days. 
Isolate No. 4 was low, sparse, and dark, and sporulated freely in 2 days. 
RELATION OF SPORE SIZE TO INFECTED MAIZE TISSUES 
If Nigrospora strains producing large spores on maize were to be 
assigned to one species and strains producing small spores to another, in 
accord with Mason's (6) proposal, it would be expected that differences 
in parasitism might be associated with differences in spore size. Observa-
tions extending over four years relating to cob maturity and variation in 
disease symptoms afforded no evidence supporting the presence of large 
and small-spored species of Nigrospora. 
Single-spore isolates from large-spored collections have been shown 
to produce small spores in pure culture. An experiment was arranged to 
ascertain whether such isolates would again produce large spores if trans-
ferred to maize cob. Nine single-spore isolates originally derived from 
large-spored collections but with average spore diameters in culture 
ranging from 13.5 to 14.1µ were used to inoculate unsterilized sections 
of cob. These were held in a moist chamber at room temperature for a 
few days, and measurements were made on 30 spores taken from each 
of the infected cobs. The average of all spores in culture was 13.9µ, and 
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in the infected cobs, 14.1µ with a range of 13.9 to 14.3~t. Under the condi-
tions of the experiment the single-spore isolates derived from collections 
with large spores failed to produce large spores when grown on unsteril-
ized cobs. 
TABLE 5 
VARIABILITY OF CoLOR OF MYCELIUM, TYPE OF MYcELIUM, AND SPORULATION OF FouR 
NIGROSPORA ISOLATES ON A SERIES OF MEDIA 
I 
Mycelium 
Isolate Color, Potato- Nutrient in 
Number Dextrose Agar Agar Agar Color Habit Sporulation 
19 Gray Milk White Cottony Abundant 
Dextrose G~~y Sp,~rse " 
Xylose " 
Peptone " " " 
38- 37 Gray Milk White Cottony Sparse 
Dextrose G~~y Sparse Abundant 
Xylose " " 
Pep tone " Fluffy " 
12 White Milk White Cottony Sp,~rse 
Dextrose " " 
Xylose " " None 
Pep tone " " " 
16 White Milk " " Sparse 
D extrose " " None 
Xylose " " " 
Pep tone " " " 
MEASUREMENTS OF SPORES OF NIGROSPORA FROM HOSTS OTHER 
THAN MAIZE 
Mason (6) placed small-spored Nigrospora strains in the species N. 
oryzae (B. and Br.) Petch. As the name indicates, this species occurred 
on rice. It is of interest to note that of the four rice specimens examined 
by Mason, one had spores with an average diameter of 18µ, which is 
larger than the spores of N. oryzae as he defined it. 
Rice leaves~ infected with Nigrospora were examined during the 
course of the present investigation. Spore diameters were found to be 
extremely variable. Measurements of 30 spores from each of five leaves 
gave average diameters of 15.2, 15.2, 15.3, 15.5, and 15.7µ. The extremes 
in spore diameters observed were 11.7 and 21.4µ. The average spore 
diameter for each of these specimens was greater than that characteristic 
of N. oryzae and less than that of N. sphaerica and thus could not properly 
be assigned to either of these two species on the basis of Mason's separa-
tion. 
3 Obtained from Dr. T. C. Ryker, Agricultural Experiment Station, University of 
Louisiana. 
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In a limited study of variability of isolates from hosts other than 
maize, Nigrospora cultures from several parts of the world, including iso-
lates from wheat, rice, sugar cane, and banana, were compared with those 
obtained from maize. Data on eleven of these isolates and on four isolates 
from maize are presented in Table 6. The characteristics of the isolates 
showed wide variability, even in isolates from the hosts (e.g., banana and 
maize) . Mycelial color varied from white to black, and growth ranged 
from low and sparse to cottony and tufted. Sporulation varied from none 
to abundant. The variability of the fungus from all these hosts apparently 
was no greater than that on maize. 
SPECIES OF NIGROSPORA ON MAIZE 
Mason (6) held that "three species may provisionally be accepted," 
N. oryzae (B. and Br.) Petch, N . sphaerica (Sacc.) Mason, and N. sacchari 
(Speg.) Mason, characterized by spore size. Mason found two of these 
species on maize, namely N . oryzae, with spores averaging 13.5 to 15.0µ 
and N . sphaerica, 16.5 to 18.0µ. The data set forth in the present paper indi-
cated the Nigrospora as it occurred on maize was exceedingly variable not 
only in spore size but also in other characteristics. 
Average spore measurements on field collections over the four-year 
period, 1938 to 1941, ranged from 9.0 to 17.8µ4 • Many of the measurements 
fell outside Mason's two species on the basis of spore size. In 1940 and 
1941 the average diameters showed a bimodal distribution similar to but 
less pronounced than that on which Mason separated two species. The 
narrow margin of separation between species on the basis of spore size 
and the large number of collections with average spore diameters inter-
mediate in size indicated that this bimodal distribution had little or no 
significance. The size of spores in field collections failed to show any 
relationship to symptoms in the infected tissues. 
Isolates of the fungus varied in culture. The color of the mycelium 
ranged from white to nearly black. In some isolates the mycelium was 
compact, in others cottony and tufted. Time of sporulations ranged from 
2 to 21 days or more. Sporulation was profuse in some isolates and not 
observed in others. There was no uniform relationship between spore 
size and cultural characteristics, although isolates from large-spored 
collections were in general more variable than those from small-spored 
collections. Single-spore isolates from large-spored collections produced 
uniformly small spores in culture. 
In the light of the variability in spore size and cultural characteristics 
of the Nigrospora collected on maize, it was necessary to choose either 
N . oryzae or N. sphaerica as the specific name of Nigrospora on maize in 
Iowa. The choice, however, apparently was predetermined by virtue of 
earlier work. 
In 1875 Berkeley and Broome (1) described Monotospora <YrYZae on 
• Dr. B. Koehler, Ill. Agr. Exp. Sta., in correspondences with the author, expressed 
some doubt that two species exist on maize. This doubt was based on some preliminary 
spore measurements and observations of cultural characteristics. 
TABLE 6 
SPORE MEASUREMENTS AND COLOR OF MYCELIUM IN CULTURE OF ELEVEN NIGROSPORA ISOLATES 
FRoM HosTS OTHER THAN MAIZE, AND OF FouR IsoLATES FROM MAIZE 
Spore Diameters in Microns 
Immediate 
Isolate Source Host Locality 30 Spores Average Range 
N. sphaerica (Sacc.) Mason .. . C .B.S. * Banana West Indies 16.8 10 .0-19 .9 
N . oryzae (B. & Br.) Petch .. . C.B.S. Sugar cane Mauritius 14 . 5 13 . 5- 16 .4 
N. oryzae ......... .. ....... Masont Wheat (culms) Saskatchewan 14 . 2 12 . 5- 15 .7 
N. oryzae .. .. .............. Rykert Rice Louisiana 13 .5 10 .7-15 .3 
N. Panici Kuyper (not 
Zimmermann) .......... C.B.S. Not stated Not stated 18 .8 16 .0- 21.4 
N. sp . ........... . ........ Standen Banana (leaf) Australia§ 14 . 2 14 .7-14 . 6 
N. musae (McL. & H. ) ...... McLennan§ Banana (fruit) " No spores, 6 weeks 11 
N. canescens (McL. & H. ) . ... " Banana (leaf) " 17 .2, 13. 5- 22.4 
N. sp. I! .. ....... . ......... Simmonds " " 17 . 2 16.0- 17 
N. sp .. ........... . .. . .... " " " 20 . 5 14.2- 26 .7 
N. sp .. ..... . ......... . .. . " " " 12 . 1 10.7- 13 .5 
N. oryzae * * .... . . . ..... . ... Standen Corn, 1937 Iowa 14 . 2 13 . 2- 15 . 3 
N. oryzae .. . ...... . . . .. . ... " Corn, 1936 " 15 . 5 11.7- 20 . 3 
N . oryzae ..... ... . ......... " " " " 15 . 1 13.9- 17 . 1 
N. sp .. ... . ..... . . . ....... Hoppett Corn, 1939 Wisconsin 21. 7 20.6- 23.8 
* Centraalbureau voor Schimmelcultures, Boorn, Holland. 
Color Mycelium 
on Potato-
Dextrose Agar 
Very light gray 
Gray 
Gray 
Gray 
Tan- gray 
Gray 
White 
White 
Dark gray 
Gray 
Dark gray 
Gray 
White 
White 
Black 
t E. W. Mason, Imp. Mycol. Inst., New England. This culture was received from R . C . Russell, University of Saskatchewan, Saskatoon, 
Saskatchewan, Canada. 
t T. C. Ryker, Agricultural Experiment Station, University of Louisiana. 
§ (Miss) E. I. McLennan, University of Melbourne, Melbourne, Australia. 
II Submitted by J. H. Simmonds, Dept. Agr. and Stock, Brisbane, Australia. These three isolates were designated by number only (5431, 
4531, 5402). 
, McLennan and Hoette (7) give 18.0µ as the average for N. musae, and 19.0µ for N. canescens. 
**Cultures No. a-2, 12, and Gr. 16, J. H. Standen. 
tt P. E. Hoppe, U.S.D.A., Bur. Plant Ind., Madison, Wisconsin. 
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rice leaves from Ceylon with spore diameters from 13.5 to 15.0µ. Mason 
(6) examined a type specimen in the Kew Herbarium and confirmed 
Petch (10) who in 1924 transferred the fungus to Zimmermann's genus 
Nigrospora (14) as N . oryzae (B. and Br.) Petch. According to Mason 
this was the oldest collection of the fungus of which type material was 
available. In addition, this species name was the oldest that could with 
certainty be applied to the fungus. Mason placed all small-spored collec-
tions in N. oryzae. Mason (6) recognized also a second species of Nigro-
spora having larger spores than N. oryzae, averaging 16.5 to 18µ. This he 
named N . sphaerica (Sacc.) Mason, which was based on a fungus collected 
by Ellis on maize culms in New Jersey in 1882 and named Trichosporium 
sphaericum by Saccardo (12). 
It has been shown that collections with large spores tend to produce 
small spores in culture, and so it becomes difficult to differentiate a large-
spored species. Accordingly, the Iowa collections are all referred to as 
Nigrospora oryzae. 
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CORRECTION 
In my paper entitled, "New Tingitidae (Hemiptera)" in the October, 
1942, issue of this Journal, the specific name solida is used for two differ-
ent species of the genus Amblystira, pp. 16 and 17. This is due to a type-
setting error and not noticed until the Journal was distributed. The name 
Amblystira amica, n. sp. is here published for the name Amblystira solida 
on page 17 for the type specimen from Hinche, Haiti.-C. J. Drake 
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thrips, 65 
Creamery water supplies, Iowa, bacteri-
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Crystalline degradation products of 
starch, configuration of, 60 
Cultural practices, influence on the su-
crose content of sugar beets, 163 
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the digestive tract of, 221 
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chiniana, 5 
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undosa, 6 
Decomposition, catalytic, of ethyl alcohol 
in the presence of magnesium oxide, 
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Dephosphorylation of certain forms of 
organic phosphorus by exo-enzyme 
systems of growing roots and by soil 
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Diets containing meat, breeding records 
of rats fed on, 417 
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Drying ideal porous materials, mechan-
ism of, 51 
Ecology and management of the Ameri-
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fungal amylases as saccharifying 
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catalytic decomposition of, in the 
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as a solvent in the extraction of soy-
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Exo-enzyme systems of growing roots, 
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organic phosphorus by, 108 
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mixture of trichloroethylene and 
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taining dried autoclaved pork muscle, 
distribution and partition of, 158 
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Field crops, response on soil treated with 
chlorpicrin, 213 
Fixation of carbon dioxide in oxalacetic 
acid and its relationship to bacterial 
respiration, 93 
Flavor development in unsalted butter, 77 
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Fluorine, biochemical study on, 91 
Food coactions of the Northern Plains 
Red Fox, 117 
Food habits of shorebirds in northwestern 
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Fowl, common, embryological develop-
ment and physiology of the endocrine 
organs of, 145 
Fox, Northern Plains Red, food coactions 
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ogy and management of, 126 
Fungal amylases as saccharifying agents 
in the ethanol fermentation of starchy 
materials, 71 
Furan compounds, rotatory power of, ef-
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opment and physiology of its en-
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Genetic and morphologic characters af-
fecting the popping expansion of pop-
corn, 98 
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Germicidal efficiency 
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of hypochlorite solutions, 114 
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changes of starch during, 57 
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ciency of ablastic action in Trypano-
soma lewisi infection by withholding 
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action medium, 7 4 
Perissonemia 
malaccae, 3 
occasa,2 
666 SUBJECT INDEX 
Phasianus colchicus torquatis Gmelin, in 
north-central Iowa, production of, 31 
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tion and partition of fats in certain 
diets containing, 158 
Porous materials, ideal, mechanism of 
drying of, 51 
Potency of feeding stuffs, Eimeria nie-
schuZzi-growth-promoting, nature of, 
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pounds, effect of reduction on, 161 
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ability of maize seed to germinate 
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breeding records of, 417 
fed a diet containing dried autoclaved 
pork muscle, distribution and 
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of, 158 
Reaction mechanism of pack carburiza-
tion, 28 
Reaction medium and solvent, iron pen-
tacarbonyl as, 74 
Red Fox, Northern Plains, food coac-
tions of, 117 
Reducing sugars in fermentation media, 
semi-micro method for determination 
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Reduction in the efficiency of ablastic 
action in Trypanosoma lewisi infec-
tion by withholding pantothenic acid 
from the host's diet, 431 
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Rhopalidae, key to the tribes of, 197 
Rhopalini, key to the genera of, 198 
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effect of reduction on, 161 
Saccharifying agents in the ethanol fer-
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Sector-shaped plates, statical equilibrium 
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Semi-micro method for the determination 
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catalysts, dephosphorylation of cer-
tain forms of organic phosphorus 
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influence on the sucrose content of 
sugar beets, 163 
treated with chlorpicrin, response of 
some field crops on, 213 
Soils, Iowa, base exchange equations ap-
plied to, 103 
Solids, absorption spectra of, 149 
Solvent and reaction medium, iron pen-
tacarbonyl as, 74 
Soybean oil, extraction of, 100 
Spectra 
absorption, of solids, 149 
absorption, of some neodymium com-
pounds, 106 
raman, of some sugars, 136 
Spectrophotometer, photoelectric, for an-
alytical research, 82 
Starch 
and its crystalline degradation pro-
ducts, configuration of, 60 
during oxidation, changes of, 57 
Starchy materials, ethanol fermentation 
of, 71 
Statical equilibrium of skew and sector-
shaped plates, 141 
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Stictopleurus Stal., 203 
Streptococcus paracitrovorus, intermed-
iary metabolism of, 123 
Sucrose content of sugar beets, influence 
of soil and cultural practices on, 163 
Sugar beets, influence of soil and cultural 
practices on the sucrose content of, 
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Sugars 
raman spectra of, 136 
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semi-micro method for determi-
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Sulfur, high-molecular-weight aliphatic 
compounds of, 85 
Sulfur-containing organic compounds, 
metalation of, 152 
Sulfuryl chloride, photochemistry of the 
formation of, 95 
Surface water supplies, some character-
istics of bacteria from, 40 
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bahiana, 1 
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Tenebrionid, morphology of the digestive 
tract of, 221 
Theses, doctoral, abstracts of, 23-162 
Thrips, on cotton, 65 
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corumbiana, 12 
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Titanium, organometallic compounds of, 
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Trichloroethylene and ethyl alcohol as a 
solvent in the extraction of soybean 
oil, 100 
Triozinae, 545 
Trypanosoma lewisi infection, reduction 
in the efficiency of ablastic action by 
withholding pantothenic acid from 
the host's diet, 431 
Water 
chlorination, a study of some micro-
organisms surviving, 34 
conservation, relation of secondary 
plant succession to, 175 
supplies, surface, characteristics of 
bacteria from, 40 
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cal studies on, 43 
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